Investigating the Effects of Social and Temporal Dynamics in Fitness Games on Children\u27s Physical Activity by Samariya, Ankita
INVESTIGATING THE EFFECTS OF SOCIAL AND
TEMPORAL DYNAMICS IN FITNESS GAMES ON
CHILDREN’S PHYSICAL ACTIVITY
by
Ankita Samariya
A thesis
submitted in partial fulfillment
of the requirements for the degree of
Master of Science in Computer Science
Boise State University
August 2019
c© 2019
Ankita Samariya
ALL RIGHTS RESERVED
BOISE STATE UNIVERSITY GRADUATE COLLEGE
DEFENSE COMMITTEE AND FINAL READING APPROVALS
of the thesis submitted by
Ankita Samariya
Thesis Title: Investigating the Effects of Social and Temporal Dynamics in Fitness
Games on Children’s Physical Activity
Date of Final Oral Examination: 3rd May 2019
The following individuals read and discussed the thesis submitted by student Ankita
Samariya, and they evaluated the presentation and response to questions during the
final oral examination. They found that the student passed the final oral examination.
Jerry Alan Fails, Ph.D. Chair, Supervisory Committee
Francesca Spezzano, Ph.D. Member, Supervisory Committee
Maria Soledad Pera, Ph.D. Member, Supervisory Committee
The final reading approval of the thesis was granted by Jerry Alan Fails, Ph.D., Chair
of the Supervisory Committee. The thesis was approved by the Graduate College.
ACKNOWLEDGMENTS
This work would not have been possible without the thoughtful support of many
who took a personal interest in its completion. The author would like to thank her
husband, who has supported her every step of the way. The author would also like
to thank God, for the good mental and physical health required for finishing this
thesis. The author is also very grateful for the immense time and effort contributed
by Dr. Jerry Fails. His guidance and insight were a driving force in completing this
work. The author would also like to thank Boise State University and the faculty of
the Computer Science department for awarding an assistantship, without which this
work would not have been possible.
iv
ABSTRACT
Obesity in children has more than doubled in the last four decades. A variety
of fitness technologies such as activity trackers, exergames, and mobile applications
are available to promote physical activity, but few are designed adequately to meet
children’s specific needs. In my initial research, I found that children prefer having
social interaction, a narrative, and flexibility while interacting with such technologies.
Other research has shown that persuasive displays encouraged adults towards physical
activity. As a part of this work, a collection of mobile applications, collectively
known as KidFit Suite were developed. These applications encourage children to be
physically active leveraging social and temporal aspects. I present findings from a
user study conducted on 16 children (ages 6-11) who utilized the mobile applications
in KidFit Suite. The applications are primarily evaluated on the spectrums of
social engagement and temporal flexibility. In the study, children engaged with the
mobile application and liked both the collaborative and competitive aspects of social
interaction. In terms of temporal flexibility, they preferred short synchronous games
better than longer asynchronous games.
v
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1CHAPTER 1
INTRODUCTION
With the ubiquitous spread of technology, computers and mobile phones have become
an integral part of modern life for both adults and children. Children spend a
considerable amount of time using such technologies. In addition, children worldwide
spend an average of 8.6 hours daily in sedentary time and 54.2% of children fail to
meet screen time guidelines [39]. The overuse of technology is sometimes blamed
for the shift to a more sedentary lifestyle. This change in lifestyle is believed to be
one of the causes of the obesity epidemic in children. Several technologies including
fitness trackers, exergames, and fitness games motivate young and old to be physically
active. This research investigates the effectiveness of the social and temporal factors
in fitness games for children. As a part of this research, several mobile applications
were developed to investigate the impact of these factors. These applications aim
to encourage physical activity by providing a platform to enable social engagement
via competition and collaboration and temporal engagement via synchronous and
asynchronous types of play. This chapter presents additional motivations for this
work and an introduction to KidFit Suite (see Section 1.2).
21.1 Motivation
Obesity is a condition of having excess body fat. Childhood obesity is a growing
cause of concern especially in the United States. Nearly one fifth of the children in
the United States are affected by the chronic disease of obesity [10]. The physical
activity guidelines for children suggest 60 minutes of activity daily. However, only
21% of American youth meet this guideline [50]. Another recent study shows there
has been a tenfold increase in obesity in children and adolescents in the last four
decades [51]. Obesity not only affects physical health but hampers the overall social
and emotional well-being of a child. Other health complications related to obesity
include increased risk of premature onset of illness like diabetes and heart disease.
Obesity in children has a higher chance of persisting into adulthood and increases the
risk of related health issues [27].
In order to combat the change in lifestyle towards sedentary behaviors and the
increase in overweight and obese children, research has explored utilizing technology
as a bridge to engage individuals in physical activity [44, 38, 21]. Some of these
activity enhancing technologies include fitness trackers, fitness mobile applications,
virtual reality games, applications with haptive feedback based on the activity level
of the user and exergame applications.
Fitness trackers are modern day upgrades of a pedometer that lets users track
their steps and activity levels, but also offer features such as measuring sleep, flights
of stairs, hourly activity during the day, number of days exercised in a week and
more. The idea is to make users aware of their goals and their current activity
levels. Exergames are interactive video games that employ elements of gaming to
engage users into physical activity. Smartphones have emerged as a way to track
3activity and engage people in fitness routines using a variety of applications that are
available to almost everyone. More than half of smartphone users have a health app
installed [62]. Fitness mobile applications may use awareness or gamification or both
to motivate users to be active. Nike Training app is one such application that utilizes
awareness while PokemonGo uses gamification.
While there are plenty of technologies available to promote physical activity in
individuals, most of these devices or applications are designed and developed targeting
adults as their primary users, though some devices target children as their primary
users. Children, however, tend to follow their parents or guardians and usually adopt
technologies used by them as was observed in a survey on children’s fitness tracker
usage conducted by me (See Chapter 3). As the physical activity guideline for children
suggests activity in terms of active minutes, designing technology that addresses
this guideline would be better suited for children. When designing technology for
children, designers should address their needs according to their age, gender, and
overall development. It should not be complex to learn or use and easy to perceive
and understand for a child [54]. An important design guideline when designing fitness
technology for children is that it should not convey a negative body image (e.g. the
concept of being overweight or obese) to children and should, instead, aim at engaging
children in physical activity in a fun and playful manner [54].
Due to the increasing awareness of the need to encourage physical activity in
children, companies like FitBit, Garmin, Vtech and others have designed fitness
trackers especially suited for them. Fitness Games like Bunny Bolt, Virtual Walk,
and NFL Play 60 were developed to promote physical activity in children. As an
example, ‘Make fitness fun for kids’ is the tagline of the new FitBit Ace designed
specifically for children which illustrates an emphasis of correlation of fun with fitness
4to further motivate children to be active. While fitness trackers promote activity by
making users aware of their activity, it is advised to encourage activity in children
by not focusing on the need to exercise [31], it should be on play. Physical activity
induced by technology in children should be in fun and playful manners, which are
characteristics of childhood play [58].
In previous research led by me, three elements were found that made fitness
applications fun and playful for children (Chapter 4). These include social interaction,
narratives and the flexibility to add their own elements [58]. Learning from this and
other research, I developed KidFit Suite, a collection of mobile applications which is
utilized as a tool to understand the effect of social and temporal aspects of fitness
games on children’s physical activity.
1.2 KidFit Suite
KidFit Suite is a collection of mobile applications and back-end API’s that fetch
fitness data from the FitBit server and present it to the user in gaming applications.
The gaming applications leverage children’s affinity towards technology and mediums
of social interaction and temporal flexibility to engage users in physical activity. It
employs the elements of fun with fitness, flexibility while playing the game, interaction
with peers and a narrative to motivate children towards activity which were found to
be preferred by children [58]. These applications are targeted towards an audience in
the age-range of children 6-11. However, adults can also play with children and make
physical activity something that the entire family can do together. The applications
present you with data in both steps accumulated and activity minutes so as to make
it suitable for both adults and children.
5KidFit Suite consists of the three games Grow the Garden, Capture the Crown
and Hot Potato. These gaming applications utilise elements of social collaboration,
flexibility of play timing and persuasive display to encourage children to be physically
active. They constantly communicate with the KidFit server API’s to fetch details
from the database and the Fitbit server. The data fetched from the KidFit API’s
include details about the user, their activity details, their games and the activity
accumulated in those games. Following is an overview of how each game works:
• Grow the garden (GTG): This application displays children’s activity by
adding flowers to the garden on their screen as they accumulate activity similar
to [22]. The users can choose to challenge their peers where each individual
competes and the one who achieves maximum activity at the end of a timer,
wins the game. This game can also be played as a team, where based on the
number of users, the application provides a target number of steps or activity
minutes to achieve. As the total activity by all the players increase, flowers
start showing up on the screen one by one notifying the user of the progress so
far. If the group of users are able to achieve the target provided by the app,
the team wins. The applications involve both synchronous and asynchronous
types of play. In synchronous play, the users all play at the same time and
the duration of the game is usually small. In contrast asynchronous play lets
children play as and when they are available and the duration of the game is
longer. This provides temporal flexibility and the users can play at their own
time and pace.
• Capture the crown (CTC) Similar to Grow the garden, Capture the crown
uses persuasive display in which users earn jewels on their crown as they achieve
6activity and proceed through the game. Capture the crown also supports compe-
tition and collaboration. Games can be played synchronously or asynchronously.
• Hot potato As the name suggests hot potato is game where children take turns
while playing and is a competitive game. As the game starts, the application
randomly assigns a hot potato image to one of the players, that player will now
have to achieve a certain amount of activity to pass the potato to the next
player. Similarly, the same amount of activity lets the other player pass the
potato to a next player and so on until a random timer fires. At the end of
the timer, the user having the potato loses the game while everyone else wins.
Unlike the other two games, this game uses negative reinforcement of selecting
one loser and the rest all winners while in the other games, there is positive
reinforcement i.e. one winner and the rest losers.
The applications in KidFit Suite try to incorporate the elements of social interac-
tion, temporal flexibilty, visual persuasion and flexibility of play to motivate children
to be physically active. KidFit Suite combines characteristics of childhood play of
playing with friends and siblings to reduce the sedentary time using technology and
convert it into active play. Children have the flexibility to play short synchronous or
long asynchronous games. Unlike applications like PokemonGo which are designed
for adults and require an individual to go out in order to collect pokemons, these
games can be played indoors or outdoors depending on the context and weather. The
persuasive displays of collecting flowers or jewels is easy to understand and visually
promising as a user can see their progress during the game.
The KidFit API’s facilitate storing and retrieving user information from a database.
The mobile applications communicates with API’s to enable log-in, fetching data,
7password reset, the ability to create new games and visualize their progress during a
running game. This combination of the API’s and gaming applications encourages a
child to be active with their friends or family and can be utilized when it suits their
schedule.
1.3 Thesis Statement
This research seeks to better understand the factors that contribute to making physi-
cal activity fun and playful for children. Initial findings from Chapter 3 and Chapter
4 informed the design of KidFit Suite. The applications in KidFit Suite are utilized
to investigate the effect of the following dimensions on children’s physical activity:
• Social Interaction – Competitive versus Collaborative Experiences:
A competitive game lets the children compete against each other and a collab-
orative game lets children play as team.
• Temporal Flexibility – Synchronous versus Asynchronous Experi-
ences: A synchronous game is usually a short game and expects all the users
to be active at the same time for the duration of the game. An asynchronous
game on the other hand is longer and the users can be active intermittently.
This research seeks to understand how these dimensions impact children’s physical
activity and engagement.
8CHAPTER 2
RELATED WORK
This chapter situates my research in the context of related work, by first sharing
information about fitness trackers and the surveys exploring their usage. The follow-
ing section will discuss the prior research in fitness games for children and how this
research fits among the existing work.
2.1 Understanding of Fitness Tracker Usage
A number of surveys have examined the perception and use of fitness trackers by
adults. Not surprisingly, fitness tracker use is higher for those who perceive trackers
as leading to better health outcomes [45]. Adults adopting fitness trackers perceived
them as both useful and easy to use [45]. A survey of Australian adults conducted in
2014 found that 35% were using or had used an activity tracker, 16% were interested
in using one, and 44% were not interested [13]. Males, non-workers, those with lower
education levels, and inactive participants were significantly less likely to have used
a fitness tracker. Interestingly, of those who had used a tracker, only 48% believed
the tracker helped them get more active, while 50% believed it did not help. The
primary reasons for not wanting a fitness tracker were: (1) they did not want to
increase physical activity, and (2) they did not think a tracker would be helpful,
which were consistent with surveys in other countries [36, 59]. Other factors like cost,
9technology, lack of time, being too old, health, and having no interest were much
rarer. Privacy concerns were rarely raised in these large surveys, although they were
the focus of another survey that helped illustrate the most common concerns related
to data privacy [43]. Although results from such surveys are useful in characterizing
adults’ use and attitudes toward fitness trackers, general surveys about children’s
experiences are absent in the literature.
A different strand of research has examined the behavior change techniques used
in fitness trackers. Studies such as Duncan’s et al., from 2017 [25] characterize the
behavior change techniques embedded into fitness trackers, which primarily cen-
ter around self-monitoring and self-regulation, as opposed to techniques related to
planning or instructions [48]. However, children differ significantly from adults [17],
making it unclear how well such behavior change techniques will appeal to children.
For example, a focus group study of Australian teens showed mixed feelings about
the desire to have a set goal per day or receive achievement badges [56]. Furthermore,
it is not always clear if parents or children or other adults should set the goals [55].
Although several health-focused studies have examined fitness tracker interventions
for children and youth (see [55] for a literature review), they are often conducted with
a unique subset of youth (e.g., leukemia patients [33]) or a unique setting (e.g., school
environment [41, 42]). It is not clear that the short-term benefits observed in these
settings will extend to more common usage scenarios and contexts.
Other studies have focused on the usability of fitness trackers among adults
and occasionally children. For example, a study of those who abandon personal
health-tracking technologies identified three design opportunities for fitness trackers
including: self-monitoring as a means of supporting a variety of goals, providing more
robust analytics of the data, and supporting social interactions around fitness data
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[19] which is more pertinent to my research. Such design ideas may apply to children,
though they would likely lead to very different designs focused on, for example, family
social dynamics.
Another study of adults identified the importance of several design aspects for
trackers including the appearance of the wearable, wearability (e.g., implications
of having a wrist-based wearable; concerns about damaging the device), intensity
of interaction (e.g., vibrations for notification; visual display of progress), activity
measures, and validity of data [49]. It is likely that many of these factors will also
affect children, though the preferences of children and adults for various designs
(e.g., colorful or thematic fitness trackers) may differ substantially. Other social
and environmental factors may also be critical to children that have not yet been
explored sufficiently; for example, a study of the impact of socio-economic status on
activity tracker use by youth found that the attitude of the caregiver and safety of the
neighborhood affected use [57]. Other recent work suggests that parenting practices
regarding physical activity are affected by technology [53].
While they are relatively sparse, a few articles have directly addressed the potential
challenges of children using the current, adult-focused fitness trackers. One focus-
group study of teens identified barriers such as a lack of knowledge of how to use the
device, inability to wear it for certain sports (in order to reduce injuries), forgetting to
wear it, and a lack of desire after the novelty wore off [56]. Another study examining
the psychological effects of fitness trackers on youth showed that short-term increases
in physical activity were due to feelings of guilt, competition, and internal pressure,
while over time the fitness tracker actually led to less motivation to exercise [37].
Medical professionals have also warned parents against the potential of fitness trackers
in promoting “compulsive exercise” (e.g., preoccupation with weight and exercise;
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feeling guilty when not able to exercise), as well as the practicalities of younger
children losing, breaking, or forgetting to charge their fitness tracker, or not having a
phone to sync it with [5, 6]. However, research has not substantiated these concerns
or articulated how prevalent they are among parents and children.
Considerable research has examined the use, effectiveness, and perceptions of
fitness trackers among adults, with only a few studies focused on youth. There are
likely significant differences in how fitness trackers can lead to behavior change in
adults and children as children have different goals, interaction styles, motivations
when they engage with such technology. Likewise, there are likely different benefits
and challenges faced by adults and children. While a handful of studies have used
focus groups or pilot studies to explore youth perspectives on fitness trackers, many
are focused on specific environments (e.g., school [41, 42]) or groups (e.g., leukemia
patients [33]).
2.2 Understanding Related Activity Games
Mobile devices have become ubiquitous and mobile applications are used by one and
all. Several mobile applications which encourage users to be physically active have
been researched. PokemonGo is one such mobile gaming application which became
a phenomenon soon after its release in 2016 [15]. This application presents its users
with a virtual world of Pokemons where walking in certain directions lets you catch
one. The applications expects a user to explore their outdoors while playing and
being active. Zombies Run!, is a similar application where players walk and run to
escape a zombie apocalypse. Other such games include Missile War, Charity Miles,
and GeoCaching [20, 52]. These applications utilize activity awareness and elements
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of game play to motivate and engage their users. Most of these applications are
designed for adult users, and may or may not be suitable for young children. However,
there are a few applications designed specifically for children. Bunnybolt [38] is one
application intended to be used by children and utilizes a youth friendly storyline
to engage them into short activity sessions. This application intends to leverage the
engagement brought about by video games that encourages children to explore their
outdoors. FitQuestLite [1] is another narrative based application where users activity
helps a baby squirrel safely reach the tree house. Other examples include NFL Play
60 and Virtual Walk. These applications are intended to be used by children and
hence employ child-friendly narratives. Children engage in activities that focus more
in recreation than education [31], hence narratives seem to be an appropriate gaming
mechanisms to promote activity in children.
A visual display is often used as a tool of effectively communicating information
especially with children. Several health-related mobile applications use persuasive
displays as a means of improving activity awareness in the users. While some mobile
applications inform users of their sedentary screen time others increase awareness by
informing users of their current activity levels. Ubifit [22] is one such example where
users are presented with a visual display of a garden. The garden display blooms
based on user’s activity through the day. The awareness and motivation brought
about the garden not only helped users meet their daily activity goals but were found
to maintain their activity levels over time, even during holidays [22, 21].
Similar visual persuasion was utilized by Fish’n’Steps [44] which imitates user
activity by growth and encouragement of an animated virtual pet fish. The results
showed that the awareness brought about by the Fish helped individuals incorporate
activity in the daily routine [44]. The study also compared the effects of social
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components of collaboration and competition but the participants had no choice in
the type of social interaction. Neither of them had any choice of whom and how
long they want to play with. Social elements of competition and collaboration have
been found to impact physiological and psychological behaviors [46]. Competition has
been found to promote energy expenditure in exergames while collaboration increases
motivation [46]. FitPlay games [60] is a project that presented users with competitive
asynchronous games. The element of competition and temporal flexibility was liked
by the participants however their average steps during the study did not increase.
They used Fitbit data to measure activity and the results were reported based on
steps taken every hour while the app was installed on the users’ phone.
The applications mentioned above use one or more of the elements of gamification,
short sessions of activity, persuasive displays, temporal flexibility, social elements of
cooperation and collaboration, and narratives to engage children in physical activity
games. Though these applications highlight the various elements that helped or may
help motivate individuals to be physically active, most of them have been researched
with adults. Understanding how children react to these elements needs to be explored
further. As each child interacts with technology differently based on the age, gender
or surrounding environment, a single element might not be enough to encourage them
to be active. KidFit Suite combines the elements found from aforementioned research
(social interaction, temporal flexibility, narratives, persuasive display) and presents
them as one application. The applications in KidFit Suite are utilized to evaluate the
social and temporal aspects in fitness games on children’s physical activity.
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CHAPTER 3
INVESTIGATING CHILDREN’S FITNESS TRACKER
USAGE
Sedentary behaviors deter an individual from physical activity [35]. Sedentary behav-
iors are sometimes linked with aggressive behaviors, negative body images, unhealthy
eating habits, and obesity [35]. Technology is sometimes blamed for this increase in
sedentary time and health issues that arise from that inactive time. The guidelines
for children and youth recommend 60 minutes of activity per day [2]. However only
21% of American youth meet these guidelines [50]. In fact, more than 18% children
in the United States are obese [10]. In response to these issues, a wide variety of
wearable fitness technologies are available for both adults and children including
standalone fitness trackers (e.g., FitBit, Jawbone), smart watches and mobile phone
fitness applications that track activity via accelerometers or GPS. These modern
incarnations of pedometers have become quite popular in recent years. Over 87
million standalone fitness trackers were sold in 2017 with an additional 75 million
smartwatches, nearly all of which include built-in fitness tracking [7]. Moreover,
more than 50% of smartphone users have a health app installed [62], in addition to
the built-in Apple Health app (on all iOS devices) and Google Fit app (on most
Android devices) that track activity.
Fitness trackers and their compatible mobile and smartphone apps provide several
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features. At their core, they track step counts, distance covered, active minutes,
calories burned, and potentially other measures like heart rate, flights of stairs and
progress toward goals. Most recent versions let you share your data with friends,
set goals, participate in challenges and measure hours and quality of sleep [25]. The
majority of trackers have been designed for adults, without having youth or children in
mind [19]. This is discouraging given that children have different physical, social, and
emotional needs than adults which need to be addressed in the design of technology for
children. However, things are beginning to change. Several companies have released
fitness trackers designed for children like Vivo, Garmin and Fitbit. No studies have
examined these new child-specific devices yet, and only a couple have investigated
trackers for children [19, 55] and are discussed below.
Studies are mixed on the effectiveness of current fitness trackers as a behavior
change intervention designed to increase physical activity. Controlled studies of
adults show that the most common behavior change techniques used in fitness trackers
include self-monitoring and self-regulation, both of which are effective for adults [25].
However, approximately one third of all adults quit using fitness trackers within 6
months in the wild [40]. Supporting social interactions around activity tracking was
also seen as something that can promote activity [19]. Unfortunately, there is a
“paucity of research concerning the effectiveness and feasibility of wearable activity
trackers as a tool for increasing childrens and adolescents physical activity level”
as one recent systematic review from 2016 concluded [55]. While some short-term
interventions that incorporated fitness trackers showed promise, it is not at all clear
that techniques that work for adults will also work for children (e.g., goal setting and
monitoring) [55]. Indeed, one cautionary study of youth age 13-14 who were given
fitness trackers showed that initial increase in motivation were based on competition,
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guilt, and internal pressure transitioned into increased amotivation and decreased au-
tonomous motivation [37]. These negative effects may be due to a lack of child-centric
designs and behavior change strategies as described above.
In order for fitness trackers and corresponding behavior change interventions to be
designed well for children, we must gain a better fundamental understanding of how
parents and children perceive fitness trackers and what are their goals or objectives
as they interact with the technology. Children’s understanding of the need of activity
and role of activity trackers in making an individual active also plays a role in the
adoption of technology. To help better understand these issues, I conducted a survey
of 98 parents recruited via Amazon’s mechanical Turk. The next section discusses my
research in the context of related literature about fitness trackers for children. The
survey method and the participants are described more specifically in the following
section.
3.1 Method: Survey
In order to address the lack of understanding of children’s fitness tracker usage, I
designed a survey that examines the use of trackers by children as reported by their
parents. 98 parents reported on a total of 113 children (ages 6 to 11), answering
questions about children’s (and their own) use and perception of fitness trackers.
Out of the 113 children, 59 were girls and 54 were boys. All the participants of
the survey reported to be from the United States. To simplify the presentation of
information, children are divided into two groups: younger children ages (6-8); and
older children ages (9-11).
Our survey focused on preteen children (ages 6-11) from the perspective of a
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parent.The survey was conducted using Amazons Mechanical Turk (MTurk). The
survey was only taken by the workers with “Master” status who are identified as
high-performance workers by MTurk analyses thereby increasing the reliability of the
workers. The screening criteria for the survey was parents who had one or more
children (ages 6-11). The consent form indicated that the parents could participate
in the survey even if their children did not use a fitness tracker (and indeed 40%
of the children reported on in this survey had never used a fitness tracker). The
average time to complete the survey was a little over 13 minutes and participants
were compensated.
The survey included questions related to children’s demographics, quantitative
questions relating to their activity and fitness tracker usage, and qualitative ques-
tions relating to parents perceptions about such technology, its usage and impact on
children (see Appendix B). I also investigated the perceptions that parents have about
the effectiveness of these trackers in motivating children to be physically active. The
responses to the questions provided insight into why parents and children acquire,
use, or stop using fitness trackers and parents perceptions about childrens interaction
with fitness technology if their child currently uses, has used in the past but is not
using currently, or never used a fitness tracker. Parents were asked whether or not
they used a fitness tracker (80% of which did) and then asked specific questions about
each of their children between the ages of 6 to 11. Demograhic questions included the
child’s age, gender, height and weight, their physical activity, whether or not they use
(or have used) a fitness tracker, what kind of tracker they use, how they use it, and
other qualitative questions to provide additional insights about how a fitness tracker
may or may not motivate their child to be more active.
In this chapter, I present the findings from the quantitative and qualitative answers
18
to the survey and discuss relations found between childrens demographics, fitness
tracker usage, and parents perceptions. Patterns relating childrens demographics,
parents perception, and activity levels to better understand the impact of fitness
tracker technology in promoting physical activity in children are also presented. To
understand the relationships between our quantitative data, I used the graphlab
library [28]. The qualitative answers were first classified into broad categories and
codes were refined iteratively [22, 23], and were later used by three researchers to in-
dependently code the qualitative responses of the survey. Cohens Kappa was utilized
to calculated inter-rater reliability. The Cohens Kappa was calculated individually
for each question and ranged from 0.92 to 1.0 signifying a high degree of agreement
between the three raters. In the next section, I will elaborate on the key findings
from the survey and their correlation with previous research.
3.2 Key Findings
This section discusses the findings from this survey in four major categories based
on the usage of children as reported by parents. The categorization is based on the
questions and parent’s responses. The categories are: overview of usage (Section
3.2.1), reasons for adopting (or not) fitness trackers (Section 3.2.2), how children use
fitness trackers (Section 3.2.3), and parents’ perceptions of fitness technology (Section
3.2.4).
Some overviews are given by individual age (ages 6-11) to show general trends,
however in most cases, to simplify the representation of data, children are categorized
into two age groups: younger children (ages 6-8) and older children (ages 9-11). Based
on their fitness tracker usage, children were further divided into three groups: those
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who have never used a fitness tracker (Tnever, |Tnever| =50), those who have used a
fitness tracker in the past but are no longer using one (Tpast, |Tpast|=25), and those
who are currently using a fitness tracker (Tcurrent, |Tcurrent|=38). Out of the 113
children, 44% (50 of 113) had never used a fitness tracker, 22% (25 of 113) children
had used a fitness tracker in the past but are no longer using one, and 34% (38 of
113) children were currently using a tracker. Based on the age, weight, height and
gender of the child as reported by their parent, I calculated the BMI percentile using
[4].
3.2.1 Overview of usage
This section presents an overview of children’s fitness tracker usage. The data from
our survey indicates an increasing trend of fitness tracker usage by age (see
Fig 3.1).
Several reasons were provided in qualitative responses that helped explain reasons
for this trend. Often, parents indicated that their child was “too young” for a fitness
tracker and indicated one reason being that they did not feel it was age appropriate.
Since the parent is likely the one who would purchase the tracker this could impact
whether or not the child has a tracker. Responses to other questions indicated more
specific reasons why some parents did not believe a fitness tracker was age appropriate
(see Table 3.1). A higher percentage of older children using a fitness tracker could be
due to increased adoption of technology as children get older [16]. One reason could
be that most fitness trackers display more comprehensive data information through
a mobile application which again may be more commonly used by older children.
Another contributing factor to the higher use of fitness trackers in older children
could be that parents are the primary instigators for getting younger children’s fitness
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Figure 3.1: Fitness tracker usage among children by age.
trackers whereas older children are the primary instigators of getting a tracker for
themselves. In fact, our data suggests that 70% of children who asked for a fitness
trackers were older. As the qualitative responses to our survey indicate, parents
sometimes do not trust young children with fitness tracker devices as they may break
or lose them (highlighted in Table 3.3). One of the responses also mentions the
pressure it can put on a child (P83). Some of the responses from parents are listed
in Table 3.1.
Figure 3.2 shows the average number of active days (in the last week) by age (see
B for details). The number of active days were reported by parents based on their
perception of children’s activity. As can be seen from the graph, the average
number of active days seems to have a decreasing trend with age. The
influence of school times, homework assignments, and extracurricular activities may
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Table 3.1: Parents’ perception related to younger children not needing a
fitness tracker
P3 I don’t think its [sic] necessary for a girl of that age
P35 I don’t believe he is old enough to take care of the device properly.
P40 she is young
P73 I don’t think they are old enough to use that kind of technology
and really understand it yet
P82 Too young
P83 too young in my opinion and too much pressure
contribute towards lower activity times in older children. This decrease in average
number of active days could also be a motivation behind parents reconsidering to buy
a fitness tracker for them.
Parents were also asked about the average amount of screen time their children
had each day. Screen time was defined as the time spent looking at computer screens,
mobile phones, tablets, video game consoles, or other such displays. As illustrated
in Figure 3.3, screen time tends to increase as children increase in age.
This is consistent with the fact that older children use technology more than younger
children and sometimes even have their own personal tablet or mobile device [16].
The healthy range for BMI percentile for children ranges from the 5th to the
85th percentile [4]. Even though older children had higher screen times and
averaged less active days in a week, the BMI percentile in older children
who use a fitness tracker were mostly in the healthy range (see Tcurrent
in Figure 3.4, right). On the other hand, despite having a higher number
of average active days and lower screen times, the BMI percentile in
younger children who use a fitness tracker tends towards being overweight
(see Tcurrent in Figure 3.4, left). This differs from the common perception that
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Figure 3.2: Average number of active days by age.
increased screen time negatively impacts BMI percentile. Our data also indicates
that around 59% of young children who currently use a fitness tracker (Tcurrent) were
obese/overweight (above the 85th percentile BMI), based on the BMI calculated from
the age, weight, height and gender reported by parents [4]. While not explicitly
mentioned in the qualitative responses for these parents (except for 1), one reason for
acquiring a fitness tracker for younger children may be because of their higher BMI.
In response to why the parents would not consider buying a fitness tracker for their
child, a few of them indicated that they did not think their children needed a fitness
tracker because they were already physically active enough.
From the survey data, it was also observed that fitness tracker usage
significantly increases (20% to 50%) as girls age (see Fig 3.5, left). In
contrast, fitness trackers usage drops (40% to 29%) for boys as they age (see
Fig 3.5, right). In contrast, several parents (60%; 15 of 25) indicated they
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stopped using a tracker because it did not make their child any more active
and 36% of parents (9 of 25) observed that the primary reason children stopped using
a tracker was they “got bored with it” or “lost interest”. Other reasons included:
losing the tracker (12%; 3 of 25), it did not fit well or was large in size (12%; 3 of 25),
they forgot to charge it (4%; 1 of 25), they did not understand what it was supposed
to do (4%; 1 of 25), and they did not buy a new battery (4%; 1 of 25). Some of these
reasons align with the reasons mentioned by [56] where they noted similar barriers
for using fitness trackers: lack of knowledge, forgetting to wear it, and lack of desire
(getting bored) after the novelty wears off.
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3.2.2 Reasons for adopting (or not) fitness trackers
The social influence of family and friends has been shown to have a positive effect
in motivating both children and adults towards physical activity [57]. I found
similar results, as all but one child who currently uses a fitness tracker
have parents that use one too. This could correlate to another observation made
from parents’ responses when asked “Why did they (the parent) consider getting a
fitness tracker for their child” where 50% (19 of 38) of parents of Tcurrent reported
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that it was because their child asked for one (see Table 3.2).
Table 3.2: Parents’ response related to why they bought a fitness tracker
for their child
P21 I wanted to get out and be more active since i [sic] had put on some
weight. He has some medical issues and being active is important
for him as well. This gave us a way to bond and compete against
eachother [sic], while keeping things fun. We are able to set goals
and work together to reach them.
P34 Several of her friends have them, and she wanted one too. I figured
it was good so she can be aware of how active she is on a daily
basis.
P41 He wanted to use one of our old cell phones, and we use fitness
trackers on our phones during our walks so he wanted one for
himself.
Getting a fitness tracker for their child, also depends on the parent’s perception
of whether they think their child is active enough or not. Table 3.3 and Table 3.5
list some of the responses received for adopting (or not) the technology. Based on
their personal perception parents were asked whether a fitness tracker helps/helped
their child be more active. A numeric value was assigned to all possible options: a
score of +2 was assigned if they indicated ’Strongly Agree’, +1 if ’Somewhat Agree’,
0 for ’Neither Agree nor Disagree’. In a similar manner -2 was assigned if the parents
indicated ’Strongly Disagree’, and -1 if they ’Somewhat Disagree’. It was observed
that, parents whose children currently use a fitness tracker tend towards agreeing on
the fact that fitness trackers make their children more active (see Fig 3.6, Tcurrent).
On the other hand, for children who used a fitness tracker in the past and are not
currently using one, parents had a perception leaning towards the fact that they
do not agree that fitness trackers helped their child to be more active (see Fig 3.6,
Tpast). This could have been one reason why parents did not consider replacing the
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fitness trackers for children who used one in the past. Another observation that shows
that fitness tracker usage in children depends largely on parents’ perception is that
although 45% of the children in this survey did not fall in a healthy BMI range (5th
to 85th percentile), less than 10% parents rated their children as sedentary.
Table 3.3 lists some of the parent’s responses with regards to why they would
not buy a fitness tracker. These comments show that some parents only consider
the need of fitness trackers, if they believe their child is underactive. They do not
perceive fitness trackers as a technology that helps their child stay aware of his/her
activity levels. Other reasons mentioned included: a concern for children’s privacy
and security; and, the desire for being able to encourage a natural habit not facilitated
by technology.
Of the children who currently use a fitness tracker (Tcurrent), 63% (24
of 38) utilized a FitBit. At the time of the study, Fitbit had not yet released
the FitBit Ace, its fitness tracker for children, so most children were using trackers
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designed for adults. While there are several fitness trackers available in the market
designed especially for children, parental purchasing choice or social influence may
have led the children to primarily use that brand.
3.2.3 How children use fitness trackers
Although the prescribed activity guidelines for children suggests 60 minutes of activity
daily, most parents responded to the question of how their children use a fitness tracker
in terms of steps accumulated or distance covered. Out of 38 responses to the question
“How does your child use a fitness tracker?”, 45% (17 of 38) were generic statements
about wearing them on the wrist, 55% (21 of 38) mentioned something more specific
that included goals or tracking metrics. 76% (16 of 21) specifically mentioned
that their children used fitness trackers for tracking steps or distance and
achieving goals. None of the responses mentioned tracking activity time, although
19% (4 of 21) responses mentioned tracking activity in general and one (5%) parent
mentioned that their child used it “in game to earn virtual items” (no game was
specified).
Since most fitness trackers and pedometers are designed for adults, their primary
display is in the form of steps. This could be one reason that children and parents
were tracking steps or distance instead of activity time. Another reason which could
have been a driving factor for children counting steps is that over 60% of children who
were using a fitness tracker (Tcurrent) reported using FitBit, which primarily displays
user activity in terms of steps taken or distance covered. When asked how children
use a tracker most of the parents mentioned that they use it to track steps or distance
during physical activities (see Table 3.4).
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Some of the children used cellphones with built-in step counters or fitness mobile
applications. Six parents mentioned that their children only wear activity trackers
while doing physical activity. One parent mentioned that they their child was not
allowed to wear a tracker during organized sport activities like football where it could
result in an injury (a concern previously raised in [56]).
From the activities reported by parents, it was observed that children who use
a fitness tracker have the highest mean number of average active minutes per day
calculated over a period of 7 days (Tcurrent: µ = 92 minutes), followed by children
who used a tracker in the past (Tpast: µ = 79 minutes), followed by children who
never used a tracker (Tnever: µ = 67 minutes) (see Fig 3.7). While not statistically
significant, this perhaps suggests that fitness trackers may have helped children be
more active through awareness which is consistent with previous studies [55]. Another
observation is that all parents perceived the sum of their child’s activity averaged over
the week to be above the 60 minute guideline each day (100%, 113 of 113), although
some of the parents still mentioned that their child needed a tracker because they are
underactive or otherwise unhealthy (9%, 6 of 66) (see Table 3.5).
While most parents reported that children used a fitness tracker for tracking steps
and achieving goals, it was parents who took care of charging the device in most
cases. In fact out of the 38 children who currently use a tracker, 25 parents took care
of charging or helped their children in doing so. However, both parents and children
looked at the results which were later used for setting goals, tracking them, personal
challenges, rewards, and competitions.
Some parents mentioned PokemonGo or games that let them be active with their
favorite TV characters as something that could help motivate children to be active.
Games and other technology based on incentives and rewards were also mentioned as
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Figure 3.7: Average number of active minutes per day, as calculated by
activities (e.g. walking, cycling), the number of days each activity was
performed, and the daily duration of each activity as reported by parents
in the last 7 days.
other alternatives to fitness trackers.
3.2.4 Parents’ perceptions of fitness technology
From the qualitative responses to the survey, it was observed that children’s fitness
tracker usage is largely dependent on parent’s perceptions. The driving factors for
getting or not getting a fitness tracker include whether the parent uses an activity
tracker (97% 37 of 38), the child’s activity level (36% 18 of 50), age (14% 7 of 50),
social environment (14% 7 of 50 ), technology exposure (10% 5 of 50), and data
security (4% 2 of 50) (see Tables 3.2, 3.3, and 3.5). It was observed that several
parents did not consider that a fitness tracker would help their child be more active
nor help them be aware of their activity levels – particularly if they were already
perceived their child as active. They perceived fitness trackers as technology that
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could possibly help improve activity if they think their child is not active enough.
Fitness trackers for children are widely available but they are not popular. In our
sample, only two mentioned trackers that could have been designed for children. A
reason for this could be that parents – who generally purchase technology for their
children – may purchase what they are familiar with (e.g a specific brand like FitBit),
and therefore the technology used by children is frequently designed for adults. This
could have also contributed to a majority of parents reporting children’s goals in
terms of steps.
Eight parents indicated that they acquired (or may want to acquire) fitness track-
ers for their family as they viewed it as a healthy activity they could do together (see
Table 3.6).
3.3 Discussion
From the primary findings of our study, I see that fitness tracker usage in children
is correlated with whether or not the parent uses a fitness tracker and parents’ per-
ception of the child’s activity, age appropriateness, and suitability of the technology
itself (in terms of privacy protections). The majority of parents of younger children
preferred not to get a fitness tracker for their child as they consider it unnecessary.
Parents indicated they would consider buying a fitness tracker for their child if they
thought that the child was underactive. Social influences also affected the acquisition
of trackers among children, meaning children who knew someone that used trackers
were more likely to want one. Some parents also mentioned that they either currently
do or wanted activity to be something that the family members can do together.
Fitness trackers have the potential to motivate adults and children to be physically
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active. However, children have different needs, motivations, interaction styles, and
perspectives than adults as they utilize technology. From the responses in the survey,
it was observed that the most common reason for children not using a fitness tracker
anymore was being bored or losing interest, as was also reported by [56]. This could
be due to the fact that a lot of them were using fitness trackers designed for adults.
Fitness trackers when designed for children, should address their needs according
to their age, gender, and overall development. The responses to the survey also
showed a focus on steps and distance as a metric to measure daily activity instead of
active minutes as is prescribed for children. While this is an interesting finding, this
could be biased because that may be the focus and perspective of their parents.
In this survey, I was anticipating parents to report children’s activity in terms of
duration as activity guideline for children suggests 60-minutes of activity each day. I
did not ask about children’s activity in terms of average steps per day (since having
a tracker was not required). However almost all of the parents reported children’s
activity and their goals in steps accumulated each day. This indicates that as children
tend to follow adults, they prefer tracking activity in terms of steps rather than
activity minutes. This is one of the reasons that I decided to use steps as a measure
of activity in KidFit Suite. The average steps can be translated to activity minutes
using [12].
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Table 3.3: Parents’ perceptions related to why children do not need a
fitness tracker (besides being too young)
P13 I don’t think it’s necessary at this point. He is very active and at
a healthy weight for his age and height.
P46 I don’t think it’s necessary. Kids have enough exposure to technol-
ogy as is.
P60 I don’t think it is necessary. I can tell from his day to day activity
whether he is healthy or not.
P90 I think it would be too much of a distraction for him. Plus I’d
worry about him losing or breaking it.
P27 Don’t want a child monitored by technology that could have data
sold/used
P31 I don,t [sic] think it would be accurate. My son is highly active and
also he would lose or break one.
P89 They are just outside playing like any other child. I really do not
see the need to “monitor” how much of a workout they are getting
while playing with friends or going to the park.
P98 If he was interested in one, I’d get him one, but he indicated that
he wouldn’t see much use for it, so I do not plan on wasting money
on one at this time.
P100 I think a fitness tracker would be a great way to monitor her
physical activity because I have to push her to keep her active.
Unfortunately, right now she doesn’t have a smart phone, and we
have never really looked into getting a separate fitness tracker for
her.
P105 I think creating a natural habit is better than a technology induced
habit
P109 I don’t see the point in it. I don’t see there being a certain number of
steps or anything that will deice [sic] if she’s healthy or unhealthy.
I can keep pretty good track of her activity levels. If I see her
being lazy and I’m home I’ll do something with her, whether that’s
walking the dog, playing ball outside or whatever else. I would
rather that she not be so reliant on technology at such a young age.
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Table 3.4: Parents’ response related to how their children use fitness
trackers
P97 She likes to see how many steps she’s taken total and setting a goal
for steps to take.
P11 He uses it to track steps he takes while playing soccer.
P22 They count their steps on various activities for mostly fun
P34 She uses it to count her steps per day
Table 3.5: Parents’ responses related to why would they buy a fitness
tracker
P21 I wanted to get out and be more active since i [sic] had put on some
weight. He has some medical issues and being active is important
for him as well. This gave is a way to bond and compete against
eachother [sic], while keeping things fun. We are able to set goals
and work together to reach them.
P100 I think a fitness tracker would be a great way to monitor her
physical activity because I have to push her to keep her active.
Unfortunately, right now she doesn’t have a smart phone, and we
have never really looked into getting a separate fitness tracker for
her.
34
Table 3.6: Parents’ responses related to why they acquired (or would want
to acquire) a fitness tracker in order to bond with family
P51 Well, it’s just built in the app, so it was free. We all need to be
more active (me, hubby and daughter...) So this seemed like a good
way to challenge ourselves and make it into a fun competition.
P52 When the phone is being moved it just tracks the step. So when
she is walking she takes it with her. The whole family has it too.
And we count the steps we took that session.
P41 He wanted to use one of our old cell phones, and we use fitness
trackers on our phones during our walks so he wanted one for
himself.
P87 She liked my fitbit that I got for my birthday last year, so we got
her one for Christmas and we have a little competition to see who
walks to the most each day. She also likes to see how much exercise
she does in a day.
P111 She saw me using one and since she likes joining me for my exercise,
she requested that I buy for her.
P113 I have been using one for a couple of years. He has always been
interested in it. I got one for him and his older brother as a gift.
They both use it daily. They like to participate in challenges and
daily goals.
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CHAPTER 4
WHAT MAKES PHYSICAL ACTIVITY FUN
An important difference between fitness games and fitness trackers is the way they
appeal to their audience. While fitness trackers emphasize awareness and the impor-
tance of physical activity, fitness games include physical activity as a by-product of
playing a game. In the case of young children who do not necessarily understand
the concepts of calories and exercise, fitness games can be really helpful in getting
them active without them noticing the fact that they have been exercising. Modern
fitness games include games like the Wii and Kinect/Xbox that challenge players to
get physically active. Location-based games such as PokemonGo and Geocaching
have also drawn attention as a way to promote physical activity [14].
As part of our research team, we work with and participate in an intergenerational
design team (Kidsteam) which comprises of adults and 8 children (ages 6-11). Kid-
steam works as a participatory design group where adults and children come together
as a team to design and develop technology for children using the Cooperative Inquiry
method [24]. The team meets twice a week during the school year for 90 minute
sessions. In this chapter, I present observations from our Kidsteam where 7 children
between ages 6-11 played three fitness games, namely, Zombies Run!, Virtual Walk,
and NFL Play 60. The games were played over 5 sessions of 25 minutes each (on
different days). Using children’s responses and ratings I present the understanding
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of the key contributing factors that make physical activity fun for children and the
effectiveness of these games in motivating children to be physically activity.
4.1 Method: Participatory Design
In order to understand the answer to the question “ what makes physical activity fun
for children?” I conducted five sessions with children utilizing and evaluating various
activity applications: two sessions of Zombies Run, two sessions of Virtual Walk, and
one session of NFL Play 60. Each application was actively used for 25 minutes by
seven children in an indoor environment. They rated their experience using the app
every five minutes. This was done via a simple Smileyometer (5 point child-friendly
Likert-style) evaluation where 1 meant awful and a rating of 5 meant brilliant [63].
I present a description of each app and children’s experience while they used these
applications. The order of play with each application was random.
4.1.1 Zombies Run!
Zombies Run is a mobile, narrative-based fitness game (Fig 4.1) where players try to
survive a zombie apocalypse through a series of missions during in which they run
and collect items that help them survive. The narrative was played by means of an
audio which the children listened to using headphones (Fig 4.2). The audio played
approaching footsteps if a zombie was trying to catch the player, in which case the
players is supposed to start running to escape the zombies.
The children were very excited about playing a mobile app-based game and the
narrative of being chased by zombies. The joy of trying a new technology may have
partially contributed to the excitement. However, they were soon bored as they
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Figure 4.1: Zombies Run! application.
mentioned they wanted to be chased more often. One of the children suggested that
it would be better if they could control the frequency of being chased by zombies.
The children loved the audio and narrative. One said as they heard the zombies
approaching: It feels like we can actually see the zombies. One child mentioned
they thought the theme of zombies was perhaps too violent for children. There were
also some words in the audio that were considered bad by children. As they were
playing the game, they wanted to see how their friends were doing or where they
were on the map of the city in the application. They suggested that it would be
better if they could see their friends on the map in the app and approach them for
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Figure 4.2: Children playing Zombies Run!
help when being chased by zombies. Their suggestion also indicated that the children
preferred playing in a group more than playing on their own. Such a social aspect
was missing in Zombies Run. Listening to the audio via headphones (Fig 4.2) further
discouraged any communication between the children. When the game evaluation
was over, the children said that they enjoyed the game but felt exhausted. Despite
that, they wanted to go outside for a walk afterwards to relax, suggesting that they
viewed the activity as more of a game, separate and different from their perception
of physical activity or exercise. This gaming aspect seemed to have a positive impact
in motivating children towards physical activity.
4.1.2 Virtual Walk
Virtual Walk is a mobile app that lets walkers track the distance walked instead of
steps as in most fitness trackers (Fig 4.3). It does not actually track the distance
either, but users define their speed through a setting in the app and the scene
changes as if they were walking at that speed. It motivates activity by enabling
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Figure 4.3: Virtual Walk! application.
a virtual experience of walking through different locations (like Central Park, the
Grand Canyon, and Mt. Fiji).
In the first couple of minutes the children expected a narrative similar to Zombies
Run, but when they saw that this game did not involve a narrative or rewards, they
spontaneously added their own creative elements to the experience (Fig 4.4). This
included running and chasing each other, walking side by side with friends to achieve
milestones together, and when someone was tired they would call for a taxi and some
other person would come and hold them and would walk along with them holding
on like they were getting a taxi ride. Since the app did not involve any audio or
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Figure 4.4: Children playing Virual Walk
headphones they could more readily interact with one another. For example, they
occasionally compared their location on the map with their friends location and the
other one would wait at that location as it showed on their screen, so their friends
could come and join them at that location. It was here that they figured out that
the app was not actually tracking steps/distance and even if they did not move while
waiting for their friend the video would still continue based on the speed set on
the app. This led one of them to figure out how to increase the speed and reach
the destination without walking any further. Despite the fact that the app was not
sensing their steps/distance, they still kept running and chasing each other (even the
child who completed the walk by increasing the speed) and were involved in physical
activity in a playful manner (Fig 4.4 ). In the end, they suggested that it would
be better if the app actually tracked steps. As there was no audio, I noticed more
interaction among children, which they really liked: one child labeled their experience
as “Brilliantnes” on the evaluation sheet.
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4.1.3 NFL PLAY 60
Figure 4.5: NFL Play 60 application.
NFL Play 60 gets children active through episodes of sixty minutes each to meet
the guidelines to fight obesity [8]. Within each episode, children walk their character,
collect characters to build a team, train with them and collect rewards (Fig 4.5 ).
Unlike the other two games this game involved incentives and in-game rewards
to motivate children to be physically active. Children used headphones to listen to
the musical audio in the game. However, since this game lacked a narrative, children
found it less appealing than the other two games: one of them commented that it
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Figure 4.6: Children playing NFL Play 60
was repetitive just walking and collecting rewards over and over again and one other
described it as boring. The use of headphones led to fewer interactions amongst the
children and restricted the running and chasing as observed when they used Virtual
Walk. As was suggested in Zombies Run, they wished they could see their friends in
the game. Since the game is based on a motion sensor to track steps, one of them
figured out that the step count would increase if they merely shook the phone while
they were sitting down. That child did not walk after that but instead kept shaking
her phone to maintain pace with the other children. Contrary to this, the game was
highly rated by that child. This may be attributed to the fact that she perceived the
game as an ordinary mobile gaming application. In fact, they were so bored playing
the game the first time, that they refused to conduct a second session with this app.
Children were not very active while playing this game compared to the other two
games (Fig 4.6). This game was liked the least by all children as it neither included
a narrative nor any social element.
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4.2 Key Findings
Figure 4.7: Children’s ratings of Zombies Run!, Virtual Walk and NFL
Play 60
The graph in Figure 4.7 shows children’s ratings collected every 5 minutes using
the smileyometer rating technique [63] in the 5 sessions of the games played. As can
be seen from the graph, Zombies Run was not liked as much the second time as it was
the first time. The narrative was found to be an important element to get children’s
attention and motivate them to engage with activity games. However lower ratings
towards the end indicate that children enjoyed having a game with a narrative but
the narrative itself does not ensure engagement into the play over time.
On the contrary, both the sessions with Virtual Walk started with mediocre ratings
but were rated high towards the end by children (Fig 4.7 ). As there was no audio
or headphones involved in virtual walk, it provided a way for children to interact
and communicate and play together. From our observations watching them play,
I can say that children preferred having a social element in the game. Because of
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the openness of choosing the type of activity or how to play provided an additional
benefit. Children liked that they had the flexibility to add their own element of
running together and chasing each other.
The scripted play of NFL play 60 was not liked very much and therefore was played
only once. The lack of a narrative and social interaction seemed to have contributed
to the lower ratings of the game (Fig 4.7). The children were so bored playing the
game the first time, that they denied to play NFL Play 60 for the second time and
hence only 1 session with NFL Play 60.
4.3 Discussion
Based on the ratings provided by the children of the three games and our observations
of them playing these games, we conclude that children prefer playing physical games
with: (1) social interaction, (2) narrative, and (3) the flexibility to add their own
creative element. This is also supported by literature [1, 38, 44, 47]. While previous
researches have emphasized on the effectiveness of these elements, KidFit Suite tries
to incorporate these elements under one hood. It uses and combines the findings
from these researches to make physical activity enjoyable for children. The element
of social interaction liked by children in these games is incorporated in the form of
collaborative and competitive games. The growing of a garden of flowers or collecting
jewels on a crown add the element of narration. Since the applications in KidFit Suite
only track user’s activity in terms of number of steps or active minutes, children can
choose the type of activity and play.
45
CHAPTER 5
DEVELOPING FOR SOCIAL AND TEMPORAL IMPACT
In my previous research, I found that children while interacting with mobile gaming
applications enjoy social interaction, flexibility and narratives (Chapter 4) which
informed the design of KidFit Suite. I utilized the elements found and combined
them together in a collection of applications, KidFit Suite. This chapter presents: the
details of implementation of each of the applications in KidFit Suite, the key elements
employed, the interaction with the Fitbit server, the database that stores the user data
and the API’s that facilitate the communication between the front-end application,
the Fitbit server and the database. I developed the mobile applications using Ionic
framework, which is a cross-platform library that allows a single codebase to be
deployed across multiple platforms. Finally, this chapter will conclude by detailing
the walkthrough of the games by visualizing each page on the applications and how
the user proceeds through the games. The mobile applications were developed using
Ionic platform. KidFit server API’s are written in PHP and use HTTPS secure
communication. The database is operated via MySQL workbench which is a tool to
create and manage RDBMS.
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5.1 Key Elements in the KidFit Suite
KidFit Suite is a collection of mobile applications developed as part of this research
and employs elements of social interaction, temporal flexibility and visual persuasion
to engage users into physical activity. The gaming applications lets users visualize a
garden blooming with flowers or a crown being studded with jewels as they achieve
in-game activity. To simplify the terminology a game with the applications refers to
each session of game play. The social and temporal elements lets children choose the
players in the game and the duration of the game. In this section, I elaborate on the
key features implemented while developing KidFit Suite.
5.1.1 Social Interaction
In my previous research (see Chapter 4), I found that social interaction is an important
element in engaging children in physical activity games. Children enjoyed playing the
game most when they could connect and interact with their friends. This also provided
children with sufficient flexibility to add their own elements of running together and
chasing each other. Another similar research [32] suggests that socially educational
games could benefit children. Games with a social element were found to increase
social competence in shy children and promote communication and acceptance by
their peers [32].
The mobile applications in KidFit Suite were developed using the method of
Cooperative Inquiry [24] and participatory design principles [29, 30] where children
from Kidsteam (See Chapter 4 Section 4) and adults come together as a team to
design and develop technology for children. The social aspect in the applications lets
children interact and play games with their peers. While playing the games children
47
do not have to be co-located.
The social interaction element in KidFit Suite is comprised of two dimensions:
Collaborative and Competitive. In competitive play, children challenge and com-
pete against each other. At the end of the game, the child (or children) with maximum
activity win the game. As they proceed through the game, they can see the in-game
activity of their peers. Each individual has their own garden or crown and progress
can be seen in terms of the number of steps accumulated or the number of flowers
or gems collected (see Figure 5.11). On the other hand in collaborative type of play
children are given a target to achieve in a given amount of time. Since children
play as a team, only one garden or crown shows up on the screen which reflects the
cumulative progress of all the participants (see Figure 5.12).
5.1.2 Temporal Flexibility
Children are advised to get 60-minutes of activity each day [34]. Several applications
like BunnyBolt [38] and FitQuestLite [1] are developed to help children meet their
daily goal of 60-minutes of activity via gaming and play. Most of these applications
however, emphasize that it is easier and more practical [38] for the audience to achieve
this target in short bursts rather than aiming for the entire duration at one go. I
found similar results in my research where the long and scripted play of NFL Play
60 was least liked by children (see Chapter 4). On the contrary fitness applications
which had 20-40 minutes of activity sessions were enjoyed better (see Chapter 4).
Another aspect of temporal flexibility builds from the knowledge that every child has
a different schedule. Our goal while working on these applications was to provide
children with the flexibility to engage with these games when they are available
opposed to something with a mandatory timeframe.
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The temporal flexibility element in KidFit Suite lets children engage with the
applications according to their availability and aims at achieving the recommended
activity in short intervals of play. The gaming applications in KidFit Suite let the
users enjoy temporal flexibility via two types of play which are Synchronous (short)
and Asynchronous (long) play. Synchronous play was designed to last for a short
period of time between 25-45 minutes and expects all the users to play at the same
time. In a synchronous collaborative game, children needed a total step count of
2000 times the number of players in order to win the game. Asynchronous play on
the other hand lasts for a few hours and does not expect participants to be active for
the entire duration. Children have the flexibility to play intermittently when they are
available. They can choose to play for some time, get some rest and play again when
they want to. The duration of play for an asynchronous game was decided such that
if the number of players in a game were more than 5, the duration of the game would
be a random number between 25-45 minutes times the number of players. When the
number of players is less than or equal to 5, the duration of the game is 1 hour plus
25-45 minutes times the number of players. This ensures that the duration of the
game is at least 2.5 hours but not more than 6 hours.
5.1.3 Persuasive Display
Several researches have utilized the persuasion brought by displays. Some examples
include Ubifit [22], ActivMon [18], and Fish ’n’ Steps [44]. These applications build
upon the fact that seeing one’s progress through a visual display is more appealing
than merely watching the numbers. In fact for young children, understanding the
value of the numbers could be complex. For instance some children in our Kidsteam
design sessions got confused about 1000 and 10000 . Creating activity awareness in
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children through a visual display makes understanding and interpreting their activity
levels easier. This also lets them easily compare their activity with the activity of
their peers.
KidFit Suite lets children visualize and compare their in-game physical activity
through a simple and easy to understand display. Capture the Crown displays in-game
user activity via means of jewels showing up on a crown. Grow the Garden displays
in-game user activity via a blooming garden.
In the game Capture the Crown the user’s progress in the game or the in-game
activity is notified to the user both by numbers and by means of jewels on the crown
When the game starts based on the type of play (collaborative or competitive) there
are one or multiple crowns or gardens on the screen. Since in a collaborative play
all children work towards a common goal, only one crown or garden representing the
group’s total activity is displayed. While, in competitive play every child competes
against others therefore each player has their own crown or garden representing their
activity. As the game proceeds based on the activity of players jewels start showing
up on the crown or flowers start showing up in the garden up to a maximum of ten.
In collaborative play, if the children are able to collect all 10 gems or flowers as a
team, they win the game. In a competitive game the child with maximum steps and
therefore jewels on the crown or flowers in the garden wins the game. The user can
see the progress both in terms of steps achieved and flowers/jewels on their screen.
KidFit Suite contains the two themes of flowers and gems but other themes could
be used as well. In one of our design sessions with Kidsteam, we played a game with
another theme, named Escape the Tunnel where children’s activity helped them
escape a tunnel. As they progressed in the game, their screens got brighter to visualize
actually escaping a tunnel. Children (Kidsteam) liked the concept of visual display
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and they actually felt like they were escaping a tunnel (apart from the brightness of
the screen, I also modulated the lights in the room to create the effect).
5.1.4 Flexibility of Play
In our previous research (see Chapter 4), I found that while interacting with fitness
games, children prefer to choose the type of activity. They enjoy adding elements of
running and chasing and the freedom to play as they like. This flexibility of play,
where children can choose the type of activity, is one important element in KidFit
Suite. KidFit Suite does not tell a child to run or walk or do jumping jacks like in
some exergames, instead it lets them choose the type of activity.
5.1.5 Steps as a Measure of Activity
The World Health Organization recommends at least 60-minutes of activity each day
for children and youth in the age group 5-17 years of age [11]. These active minutes
should be accumulated via moderate to vigorous activity such as sports, physical
education, exercise, chores etc. While there are plenty of fitness trackers available,
most of them report activity in terms of steps accumulated and/or distance covered,
there are a few like Fitbit that also measure active minutes. These active minutes
start accumulating only when the user is 40 percent above their resting heart rate
for 10 minutes or more [3]. In simple words, on a Fitbit (used for measuring activity
in this study) it shows no change in active minutes until you have a difference of
at least 10 active minutes. This was one challenge faced while designing the apps
with Kidsteam. The applications in KidFit Suite facilitate the flexibility of achieving
the daily activity guideline via short intervals of play. In the current implementation
using steps as a measure of activity tracking, during the short periods of play children
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see a flower or a gem every 250-500 steps. However, it was not possible to show a
flower or gem every 2-3 active minutes as Fitbit does not report activity until there
is a difference of 10 minutes or more. This also hinders with temporal flexibility to
play as and when they are available. KidFit Suite uses steps as a measure of activity
and it shows the user their activity both in terms of steps and active minutes. Since
steps can be reflected almost instantly, it proved to be a better motivation in one of
our design sessions as children could instantly see the steps achieved unlike the active
minutes.
While not used, the steps achieved can be converted to relevant activity minutes
based on strategy presented in [61]. It looks into how the steps can be converted into
equivalent active minutes based on age and gender of the child indicating steps could
be used as a measure of activity for children.
5.1.6 Secure and Easy Login
KidFit Suite stores the user data, their fitness data and games in a secure database.
This information is sensitive particularly to children. This enables children with
access to social games and secured data. When the user registers with KidFit system
for the first time, they are presented with an authentication page by Fitbit where the
user can choose to allow the application to access their Fitbit data. Upon successful
authentication, the back-end API’s returns an access token which is stored in the
device along with the email address. This access token is then used to communicate
with all the other KidFit API’s. This also saves the user from the trouble of logging
in every single time they open the app. However, the access token expires after one
month if the user has not logged in and in such a case, the application will require them
to log-in again using their credentials. The mobile applications, the KidFit API’s or
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the database do not directly store any textual passwords. The user passwords are
doubly encrypted before storing in the database, the first encryption occurs in the
application so as to assure secure transmission and the second encryption occurs in
the back-end API’s before storing it in the database. KidFit Suite applications ensure
data privacy and are designed to be secure.
5.2 Overview of Implementation
5.2.1 MySQL Database
Figure 5.1: Data Flow between the application, back-end API’s, Databse
and Fitbit server
A database system lets developers easily store, manage, and organize data in
forms of tables and relations. KidFit database stores user and game related data
thereby providing users with features such as Fitbit authentication, ability to invite
53
their peers for games, play with them, and see the steps they achieved in a game,
and the number of games won or lost. KidFit database also facilitates the flow of
data from the Fitbit server API’s and the KidFit API’s to the mobile applications.
Fitbit limits the number of times an application can access data from the Fitbit
API provided the user has authenticated the app to 150 per hour [9]. In order to
present the user with the most recent fitness data and still not exceed the limit of
API accesses by Fitbit, the database needed a table to store the fitness data of the
user. The current implementation ensures not exceeding the limit of 150 by fetching
new fitness data from Fitbit API’s if the fitness data in the database is more than a
minute old. A user table stores user data such as email address, age, gender, alias,
access tokens, encrypted password for login in the app, Fitbit user identification and
more. The mobile device registration is also saved to facilitate notifying a user using
google firebase. Figure 5.2 shows the entity relationship diagram of various tables
used in the KidFit database.
5.2.2 FitBit Data Access
Fitbit lets an application access users activity data from trackers and manually
entered logs via API’s provided that the user authenticated the application to do
so [9]. Using this activity data from Fitbit, KidFit Suite lets children collaborate or
compete with their peers to play physical activity games. This data fetch from the
Fitbit server happens in the following stages.
Obtaining Authorization
While registering with the KidFit system, the app takes the user to the Fitbit
authentication page. Upon successful login into the users Fitbit account, Fitbit
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Figure 5.2: Entity Relationship diagram of KidFit Database
presents a user with a list of their fitness data that they decide to grant access to the
application (Fig 5.5).
Response from Fitbit server
Upon receiving authorization from the user, Fitbit redirects the user to a redirect URL
provided by the developer. The URL contains an authorization token. The page then
exchanges this authorization token to fetch the user access token and refresh token
and Fitbit user identification. All further data access from the Fitbit server is done
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using the user identification and access token provided by the Fitbit server. The
access token is valid for a period of 8 hours by default, upon which the refresh token
and the user identification are used to fetch a new access token for the user.
API access and fitness data
The application can select all or some of the user’s fitness data based on the API URL
and parameters passed [9]. KidFit Suite fetches the entire fitness data which contains
steps, active minutes, sleep, heart rate, the timestamp of the last time the data was
synced and more. The active minutes returned in the fitness data are comprised
of lightly active minutes, moderately active minutes and very active minutes. Only
the moderately active minutes and very active minutes count towards a user activity
minutes as reported by Fitbit. The last sync time is used to make sure that every
player in the game has synced their fitness data at or after the game end-time to ensure
their in-game activity is correctly recorded. There are however a few limitations that
were faced while fetching the Fitbit fitness data. They are:
• Syncing with the Fitbit app: The way the data access from Fitbit servers
works is that the Fitbit API’s return the fitness data at the time of last sync
with the Fitbit app. So if the user accumulated some activity and did not
sync their Fitbit app, the Fitbit server will still report the old data. As KidFit
API’s communicate with the Fitbit server and not the device directly, the data
reported may be old and inaccurate if the user has not synced their Fitbit app
recently. This causes an overhead on the user to make sure that they sync their
Fitbit app in order to get their activity reflected in the gaming applications.
When working in one of our design sessions with Kidsteam, a few children lost
the game because they did not sync their Fitbit app in time. This led us to
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bring an end-game logic such that the last sync time of the user has to be greater
than or equal to the game end time for the game to end. This ensured that
their in-game activity counted towards the game. This also justifies choosing
steps as an activity measure which are reflected instantaneously rather than in
intervals of 10 minutes like activity minutes.
• Limitation on the number of API access within an hour: Fitbit restricts
the number of times API’s (fitness data and last sync time are two different
accesses) can be accessed to a max of 150 within an hour per user [9]. Since
children want to see their in-game steps achieved almost instantaneously, this
was a limitation faced. The current implementation is such that when a user or
the app tries to fetch fitness details, the database is first checked. If the entry
in the database is more than a minute old, new data is fetched from the Fitbit
server, saved in the database with the updated timestamp and returned to the
user else the latest data from the database is returned. This makes the user
wait a minute to see their activity in the app but avoids exceeding the limit of
150 provided by Fitbit.
• Intra-day Data Access: The default access to Fitbit fitness data only allows
the developer to fetch the latest instance of activity data on a given date. In
order to fetch the fitness data within a given period of the day, intra-day access
is required. In other words by default Fitbit does not allow applications to
fetch data for the duration of the game. In order to compute the exact in-game
activity intra-day access is required. My request for intra-day fitness data access
was sent in October 2018, and approved in November, but I’m still waiting for
the access. The lack of intra-day access limited KidFit Suite to present the
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correct in-game activity achieved. As an example if the user did not sync their
Fitbit data with the Fitbit app for the entire day, started a game and then
synced the data, the entire data for the day would count towards the game
which actually was not the the in-game activity. This was one limitation faced
by KidFit Suite applications.
5.2.3 KidFit API’s
KidFit API’s facilitated interaction between the applications and database and pro-
vided data abstraction by only presenting the child with the information relevant to
them. These API’s let children register with our system, login, check their fitness
data during the day, invite friends for a game, accept or decline game requests, start
a game, see in-game activity and more. The details of KidFit API’s are in Appendix
A.
5.2.4 Data Flow
As shown in Fig 5.1, KidFit back-end API’s facilitate the communication and data
transfer between different components of KidFit Suite. When an application tries
to log in the user, or display the games they are invited to, the application calls
the relevant API which then communicates with the database to fetch the data and
present it to the application. Similarly when the user wants to know their current
activity status, or in-game activity so far, the KidFit API’s check the fitness data
in the database for that user. If the data is less than 60 seconds old, the data from
the database is returned else new data is fetched from the Fitbit server, written into
the database and then returned to the applications. The data flow from Fitbit server
to API’s is unidirectional as API’s do not write any data on the Fitbit server but
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just read the current fitness data. To prevent accidental manipulation of data in the
database by the user or the application, there is no direct communication between
the two. The KidFit API’s first verify the user and write or read the desired content
to or from the database.
5.2.5 Ionic
Ionic is a web-based cross-platform mobile application framework which leverages
AngularJS and Cordova. AngularJS is used to manage separating concerns in order
to modularize things like view definition, UI hooks, and data flow. Ionic makes use
of well known web technologies like NPM, HTML, CSS, JS, and Gulp to build web
applications which run locally on the mobile device. Due to Ionic’s popularity, Ionic
has an extremely active and helpful development community. This, coupled with the
feature allowing Ionic applications to be built directly in the browser (provided that
there are no device API calls), means that debugging errors is by far the simplest
in Ionic. Furthermore, because Ionic leverages Cordova for device API calls, Ionic is
able to build executable binary files for a wide variety of platforms, including iOS,
Android, Windows phone, Blackberry, and Ubuntu. This allows mobile applications
to be built for a large number of devices. While Ionic is an attractive web framework,
it is not without its caveats. At the time of development, Ionic was experiencing a
version change from 3.X to 4.X such that some functionality implemented on 3.x code
did not work the same way on 4.x. Application stability is of great importance in
this work, so the more mature version 3.x was chosen.
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5.3 Game Walkthrough
This section elaborates on interacting with the mobile applications and creating or
playing a game. The various screens and the functions are shown below:
5.3.1 Welcome View
The welcome view (see Fig 5.3) welcomes you to the application. If you have pre-
viously logged in the system and not logged out, as previously mentioned, the app
stores the email address and access token of the user. This lets them directly login
into the system. As the user hits the Get Started button, if the credentials are stored
they are taken to the games page (Section 5.3.4), if not they are taken to the login
page (Section 5.3.2).
Figure 5.3: Welcome view
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Figure 5.4: Login and Register views
5.3.2 Login/Register View
Fig 5.4 shows login and register view of the applications. The user needs to enter an
email address and password to log-in to the system. The eye icon lets the user view
or hide the password. The register button will open the register view of the app.
The register operation is generally used only once while login button will be used
frequently hence the register button is grey initially but turns green while registering
(Fig 5.4). The user can click on the forgot password text if they forgot their password
and want to reset it as is elaborated in Section 5.3.3. The register screen expects the
user to create an account with KidFit applications using an email address. Other
fields are password, alias, age and gender. When registering, the applications seek
user authentication to access their Fitbit data and hence will be taken to a Fitbit
login page (Fig 5.5) followed by authentication page.
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Figure 5.5: Fitbit Login and authentication views
5.3.3 Forgot Password View
The forgot password view lets a user reset their password if they are not able to
recall it. As the user clicks the forgot password option, (see Fig 5.4) they are taken
to the reset password page, where users are requested to enter the email address of
the account they want to reset the password for (Fig 5.6). As the user hits enter,
the KidFit API sends an access code to the email address provided and the user are
presented with the next page where they enter the access code and the new password.
If the access code entered by the user matches the one sent to the email address, the
user password is updated in the database with the new password provided.
5.3.4 Games View
The games view presents the details of all the games that a user is involved in. At the
top right, the page displays the name, number of steps and active minutes for the user
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Figure 5.6: Forgot password view
(Fig 5.7). The text at the top of the screen briefly describe how to grow the garden
(left) or capture the crown (right). The user can create a new game by clicking the
button start new game (see Section 5.3.5). Invited games represents those games that
the user is a part of and the game status in invited. The user can choose to accept or
decline the games that they have been invited to using the green tick and cross (Fig
5.7 left). The opacity of the button to decline a game has been purposely reduced
as that accepting the games and playing them is the primary action. The number
beside each type of game invited, active and completed reflected the numbers of games
respectively. The human icon on the right of each game, indicates the type of game.
A single person icon represents a competitive game and a people icon represents a
collaborative game. The active games tab indicates the active or ready to play games.
The completed games tab tells the user the total number of games played and the
number of games won. On clicking on the completed the games, the user can also see
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the activity they accumulated in the game (see Section 5.3.8). The refresh button at
the top right, refreshes all the games and activity of the user. The logout button at
the bottom logs a user out of the application. Since this is not a primary action, the
opacity has been reduced.
Figure 5.7: Games view (GTG on the left; CTC on the right)
5.3.5 Create a Game View
The start New Game button on the game page (Fig 5.7) lets a user create a new game
with their friends (Fig 5.8). Visually consistent with the previous screen, the top right
display the name of the user and their activity along with a button to refresh the view.
The play in team and challenge others buttons let children decide the type of play
as competition and collaboration respectively. Since the children were only allowed
to play with other children in their group (see Section 6.1), they were presented with
certain players to choose from. The tick boxes on the right could be clicked to select
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or unselect a player. Once the game is created, only the player who created the game
has the authority to add or remove a player from the game. Children can decide a
group name for the game. If the child doesn’t enter a name for the group, the app
provides them with a group name based on the initials of all the players. The New
Game button creates the game.
Figure 5.8: Create game view
Once the game is created, you can see the status (next to their names) of all the
players in the game. The owner of the game, or the child who created the game can
choose to invite more people or remove the ones in the game as long as the game has
not started (see Fig 5.9 left). The players can also edit the group name any number of
times. Ticking the check boxes to add or remove a player followed by clicking update
button will update the game (see Fig 5.9 right).
If all the players in the game have accepted or declined the game invite such that
the number of players in the game are two or more, such a game is ready to play and
65
Figure 5.9: Created game view (left); Remove a player (right)
hence the view includes a start game button (see Fig 5.10). If a child starts the game,
notifications are sent to all the other children in the game. If all the players declined
the game request, or the owner deleted all the players, such a game can no longer be
played as the game requires a minimum two people to play. In such a scenario the
game status is set to quit game and the user can no longer access it.
5.3.6 Competitive Game View
As the user hits the start game button, the game starts. Based on the type of the
game collaborative or competitive, the user is shown one or more gardens or crowns.
Fig 5.11 shows the competitive type of view for GTG (left) and CTC (right). Since in
a competitive type of play, users are competing against each other, the view shows the
progress of each individual by their garden or crown. Consistent with the previous
screens, the user’s name and their fitness data are placed on the top right corner
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Figure 5.10: Ready to play Game view
along with a refresh button. The crown or the garden views for each child, shows
their progress both in terms of visual flowers or gems and numbers (see Fig 5.11).
The time on the top of the screen shows the time left in the game. As mentioned in
section 5.1.2, the time for asynchronous game is longer and for a synchronous game is
shorter. At the end of the timer, the player with maximum number of in-game steps
(as indicated in the flowers or crown view) wins the game.
5.3.7 Collaborative Game View
Fig 5.12 shows the collaborative view for Grow the Garden (left) and Capture the
Crown (right) respectively. As in collaborative type of play, children come together as
a team, only one garden or crown that represents their cumulative activity is shown.
The text on the screen informs the players of the remaining time and the target
steps to achieve in that time. Unlike a competitive type of game, the user does not
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Figure 5.11: Competitive game view GTG on the left & CTC on the right
know their individual progress to avoid any sort of competition in the game. The
individual progress, however, can be known after the game ends (see Section 5.3.8).
If the players are able to achieve the target activity before the time on the timer hits
zero, the game ends indicating the team has won.
5.3.8 Win/Lose View
The end game of the screen tells the user their activity in the game, the flowers or
gems collected and the status of the game and their status. A notification is sent to
all the players in the game when the game ends. Figures 5.13 and 5.14 shows the win
view and lost view of the game.
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Figure 5.12: Collaborative game view GTG on the left & CTC on the
right
Figure 5.13: Win game view GTG on the left & CTC on the right
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Figure 5.14: Lost game view GTG on the left & CTC on the right
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CHAPTER 6
INVESTIGATING SOCIAL AND TEMPORAL ASPECTS
Having introduced the key elements in KidFit Suite, this chapter will elaborate on the
observed and reported responses to the applications, their effect on children’s activity
levels, the contributing factors and more. The applications are primarily evaluated
with regards to their social and temporal aspects and their effects. Approach, results,
and limitations will be discussed for each of the application in order to provide a
comprehensive understanding of the evaluation techniques and the resulting data.
6.1 Method: User Study
In order to test the effectiveness of these applications to promote physical activity in
children I conducted a user study where 16 children (ages 6-11) played these games.
This user study was submitted to and approved by the IRB in the form of an expedited
review application. The participation in the study was voluntary and children were
recruited via social media posts and word of mouth. The study was conducted over
two one-week sessions followed by interviews with both children and parents. Parents
were asked to take short demographic surveys after each week. In the first week of
the study, children wore a Fitbit Charge 2 activity tracker and in the second week of
the study, children wore a Fitbit Charge 2 and played the mobile applications Grow
the Garden (GTG) and Capture the Crown (CTC) on an android phone that was
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provided. All of the other applications on the mobile phones except the calculator
and calendar were password protected to avoid any distractions and to disable access
to inappropriate content on the internet.
Table 6.1: Children’s demographics
Child No. Parent No. Pseudo Name Age Gender Group
C1 P1 Emma 7 F G1
C2 P2 Jack 9 M G1
C3 P3 Judy 9 F G1
C4 P4 Kyle 7 M G1
C5 P5 Maddy 10 M G1
C6 P6 Matt 9 M G1
C7 P7 Nate 9 M G1
C8 P8 Nora 9 F G1
C9 P9 Aly 8 F G2
C10 P10 Anni 8 F G2
C11 P11 Pearl 11 F G2
C12 P12 Brody 8 M G2
C13 P13 Daniel 6 M G2
C14 P14 Dan 6 M G2
C15 P15 Chloe 11 F G2
C16 P16 Ella 8 F G2
Since the mobile applications are evaluated on synchronous versus asynchronous
and collaborative versus competitive spectrums, Hot Potato was not included in the
study. The reason for Hot Potato being excluded is that it can not be played in a
collaborative manner as it is inherently competitive game and it can only support
asynchronous play where not all children are active at the same time but take turns.
The data from the first week of the study served as a baseline to get an understanding
of the childrens normal activity levels (when not interacting with the games). This
was then used to compare childrens activity data from the second week of the study
where children interacted with the mobile gaming applications. The children were
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further divided into two groups of 8 children each, the first group referred to as
Group 1 (G1) and second group as Group 2 (G2). Table 6.1 shows the demographic
data of the children with their groups. The participants were grouped based on their
preferences and availability to play the games. Children in G1 played GTG as short
synchronous game and CTC as a long asynchronous game. This was reversed in
G2 where GTG was played as asynchronous and CTC as synchronous type of play
(see Table 6.2). The games, however, supported both competitive and collaborative
game plays in each of the applications. The change in synchronous and asynchronous
types of games in the two groups of children helped us understand any bias caused
by the theme of gems or flowers on the primary spectrums along which I evaluate the
applications. The applications only allowed participants to play with children in a
given group and no one else. All the children in G1 had never met and did not know
each other, while 6 of the 8 children in G2 were siblings or neighbours. Interviews
with children and parents were conducted at the end of the second week. These
provided qualitative responses to their (children and adults) perceptions about the
games, activity levels, and problems they encountered.
Table 6.2: Overview of game configuration
Grow the Garden Capture the Crown
G1 Synchronous Asynchronous
G2 Asynchronous Synchronous
6.2 Key Findings
This section presents the findings of the study from the interview responses and the
activity data. The first section presents an overview of usage with demographics. The
following sections elaborate on the social and temporal evaluations of KidFit Suite.
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6.2.1 Overview of Usage
This section starts with discussing the results and analysis of the fitness data from
Fitbit, followed by an analysis of parents response to the demographic survey. The
survey consisted of questions concerning the activity of children in the given week,
how they utilized the tracker, the number of days they wore it and questions related
to their perception as how was their child’s activity in the last week differed from
the normal. Out of the 8 children in G1, 3 children played 1 or less games. In order
to not duly bias the data from G1, I excluded the data of those 3 children from
the quantitative evaluations. However, their responses to the interviews helped us
understand the problems they faced when interacting with KidFit Suite and hence is
utilized in qualitative evaluations.
Some of the observation related to the number of games played by G1 and G2: a
total of 107 games were created, 37 by G1 and 70 by G2. Out of these 107 a total
of 68 games were played, 14 and 54 by G1 and G2 respectively (see Table 6.3). G1
played 9 collaborative and 5 competitive games, while G2 played 39 collaborative
and 15 competitive games (see Tables 6.4 and 6.5). The average number of games
played per child was six for G1 and twenty six for G2. The average number of days
interacted with the app was three for G1 and close to six for G2. The difference in
the interaction with the apps between the groups is significant. One of the reasons
for a significantly higher number of games played by G2 compared to G1 could be
attributed to the preexisting relationship and the proximity between the children
in G2 (see Section 6.1). Other reasons can include, familiarity with the technology,
weather conditions at the time of the study, school schedule, and better response from
other players. Children from G1 interacted with mobile devices from Jan 3rd, to Jan
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9th which is a time of winter holidays in some schools. G2 played the games from Jan
14th to Jan 20th when the normal school session resumed. G1 had 17 games waiting
for responses from participants while G2 had only 10. The higher number of invited
games also indicate the lack of a medium of communication between children in G1
(also indicated in Table 6.14).
Table 6.3: Overview of games played
Games Created Games Played
G1 37 14
G2 70 54
Table 6.4: Distribution of games played and activity collected by G1
Synchronous Asynchronous
G1 No. of
games
played
Avg. steps Avg.
Active
min.
No. of
games
played
Avg.
steps
Avg.
Active
min.
Collaborative 3 183.25 0 6 3134 9.9
Competitive 3 2151.3 0 2 0 0
Table 6.5: Distribution of games played and activity collected by G2
Synchronous Asynchronous
G2 No. of
games
played
Avg. steps Avg.
Active
min.
No. of
games
played
Avg.
steps
Avg.
Active
min.
Collaborative 27 6428 13.7 12 4808 11
Competitive 12 3424 7 3 4136 0
In terms of steps, children showed a difference in the average number of steps
taken per day per child in week 2. G1 had the average of 7,729 steps per day during
the study while G2 had an average of 10,614 steps per day (See Table 6.6). G2 also
showed higher average steps collected in all games compared to G1 (see Tables 6.4
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and 6.5). All these facts indicate a bias between G1 and G2. Six children in G2 being
familiar with one another could be one of the reason for this bias. Six children (not
the same six children who were familiar with one another) in G2 had an average of
more than 10,000 steps per day. Four of eight children showed an increase in average
number of steps per day in G2, but none of the five children had an increase in steps
in G1. However children in neither of the groups were active 60 minutes a day as
reported by the activity data from Fitbit (see Tables 6.4 and 6.5). On some days even
when some children had close to 10,000 steps or more, their activity minutes were
still zero or very less (see highlights in Table 6.6), which indicate that the activity
minutes reported by Fitbit might not be as accurate and hence may not be used to
compute children’s activity.
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In terms of the visual appeal of the themes of flowers and gems, children showed
preference to CTC. The number of CTC games (48) played are more than twice the
number of GTG games played (21). However, the higher number of CTC games
could also be the outcome of bias between the two groups as most of the CTC games
(39) were played by G2. A parent also mentioned the theme of flowers seemed to
be more intended to girls and the theme of jewels was more gender-neutral. In line
with this, nine parents reported that their children preferred the theme of crowns,
two parents said their children liked GTG while three were not sure if their children
had a preference. Nine children reported liking the visuals of crowns and gems and
four liked the garden better.
Another difference between the games played by the two groups show that only 2
(22%) out of the 9 collaborative games in G1 were won while 30 (77%) out of the 39
collaborative games were won by G2. As people are motivated by winning [26], the
higher number of wins in the G2 may have promoted more participation.
From the 68 games played, 48 (70%) games were collaborative team games and
20 (30%) were competitive games. In terms of temporal preference in children, 45
(66%) of games played were short synchronous games and 23 (33%) were longer
asynchronous games. The table below shows the distribution by category.
Table 6.7: Distribution of games played on social and temporal preferences
Collaborative Competitive
Synchronous 30 15
Asynchronous 19 5
The demographics survey the parents took after each week, included a perception
question “ My child was more active than usual during the last week”. In the interview
they were also asked if they believed their child was more active than normal in a
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given week. Surprisingly, 6 of the 16 parents had contradicting responses to the two
questions about week 1 (when children only wore a Fitbit) while 14 parents had
agreement about week 2 (when they interacted with the mobile applications). From
the detailed responses of the interviews, twelve parents mentioned that their children
were more active than normal when just wearing the Fitbits. They said that the
excitement of something new motivated them to reach the default 10,000 step goal
to make the Fitbit vibrate. 15 of the 16 children had a daily goal to get 10,000
steps, while one was trying to exceed their steps from the previous day. This concurs
from the findings of adults perceptions and children’s fitness tracker usage survey, I
conducted (see Chapter 3). Nine parents also indicated that their children were more
active with the mobile applications than with Fitbits alone. Carrying a phone and
knowing about their activity made children feel more confident. This may have been
a possible reason for the increase in activity as reported by one of the parents.
6.2.2 Social Element and its Impact
The social aspect in the applications in KidFit Suite let children connect with their
peers on the subject of physical activity. It enabled children (who were not necessarily
co-located) to play together. Children had the flexibility to compete against their
peers or collaborate with them.
Both children and parents liked the concept of combining physical activity and
social interaction (see Table 6.8). Playing mobile games that let children play and
connect with their peers, imitates natural childhood play. Some children liked compet-
itive games better and some others preferred collaborative games. Parents reported
that playing with other children promoted friendships between the children even if
they didn’t know each other. However, they also said that it would be better if
79
children could choose who they want to play with. In this user study, children could
only play with the other children in their group. Children and adults indicated they
would like to play these games with siblings, cousins, friends and family members(see
Table 6.9). Challenging people (C11) you are familiar with, or teaming up with them
would be more fun and motivating as one child reported. For children who do not
have siblings and usually play by themselves, the mobile applications seemed be a
platform to remotely connect and play with other children as answered by C2 (see
Table 6.8).
The “little friendships” (P8) developing in the members of the group was also
evident from the group names (see Table 6.10). Children would make funny group
names but they would make sure that the names are respectful and motivating for
other children. As two of the children said:
I liked to name the group and change the group name because one was
’Jack and dumb’, and I wanted to change it, so I changed it to ’Jack is
something’ and that was crazy. It shouldn’t let you put dumb in any of
the group names. –C13
I noticed when I was playing other people, one of them made a nice name,
it was like good job buddy something like that. So I felt like when I would
play the games, other people would not just make me names and stuff.
They would make name that like cheer on the other players. –C6
All the parents said that they would like to play such games too. They appreciated
the games stating that it was good, that the games could be played indoors too,
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Table 6.8: Children’s and parents’ views related to the social element in
the applications
C16 I like them. they are fun and its fun to be just competitive and not
have to be in the presence of another person.
C2 More active. because I had other people to play with. instead of
just like myself
C2 I liked that instead of just like running around, you get a like, you
can see how many steps you get and stuff like that. It doesn’t just
like not count your step. It counts every single step, not like every
other one. I liked how you got to play with other people, like you
would be in teams and challenge other people.
C15 I was more active with the phone because I’m super competitive
and its against my friends which makes me more competitive and
my siblings.
C11 I prefer Capture the Crown over Grow the Garden. I like them
because I could challenge my siblings and my friends or neighbours.
P8 It’s more of an incentive than to just go out and be active when
you get to tell so. She said she thought it would be fun to meet
the people that she’s challenging. And so I think it, Causes a little
little friendship even though she didn’t know anyone. They would
call their teams funny names and she liked doing that with whom
would you like to play. I’d like playing with her
P10 I like the idea of it being fitness based and incorporate it into
technology because that’s just what kids are doing these days. And.
I like the challenge. The challenges and then the ability to play with
other kids and have two choices They can choose how many. And
so they just really feel in control of it and it’s theirs.
P13 Oh I think yeah. I think having like an indoor especially in the
winter something indoor to get everyone active. I think that would
be really fun. I think its just me like it’s you’d feel really silly
running around your living room but with a game in your hand you
don’t feel as silly. So it’s a good exercise for them and they would,
they would like it because they got really excited when people were
playing
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Table 6.9: Children’s and parents’ responses related to who would they
like to play with
C15 I would play with my friends. I would drag my friends into this.
C6 My art Teacher and my PE teacher
C13 my siblings and parents
C14 my family and sometimes with my teacher
P9 Me and my sister kind of gravitate to the same thing so she might
join in with me if I brought it up to her. Normally I don’t play
any games on my phone or anything like that but if it’s towards
health or bettering yourself or anything like that that’s that always
interests me.
P2 Yes. His friends from school and family. It would get the family
more active as well and friends
P13 It would be fun if they could play like with cousins and stuff.
especially in the winter. As one of the parents (P13) said that this could be something
the entire family can do together. They said, it might feel silly when you are running
around in your living room, but not so much when you have a phone in your hand
and you get to do it with your family.
Table 6.10: Motivating group names created by children
We 3 awesomes
Morning Game!
Play Now!
WIN this round
Hurry up & see
Fun Team
The ability to socially connect with children as you play with them was reported
to be motivating (see Table 6.11). Children believed playing with peers encouraged
them. They even understood that the team games had a higher step goal
and would still try to achieve it (C14). Parents reported that the games added
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an incentive of social interaction to physical activity. They said that children behaved
more responsibly by being active in a team game, so that other members of the team
don’t lose the game. One child (C11) had a goal to do more steps than the previous
day. The motivation in one of the children (as reported by P6) was also noticed by
their therapist (see Table 6.11). As reported by one parent (P3) “It’s nice to have
something to motivate you to be active at home”. Children thought it would be
fun to meet the people they are playing with. The games also informed children of
their activity levels and they felt more confident about themselves. One parent (P5)
reported that the applications helped them better understand their child’s current
activity levels and how he needed more activity than he usually does. The motivation
and confidence in children can also be witnessed by the fact that 11 children believed
they were more active than normal while playing the games.
As mentioned earlier, 70% (48 of 68) of games played were collaborative team
games while only 30% (20 of 68) of games were competitive games. This was also
consistent with the interview responses where 8 children mentioned preferring team
games, while 3 of them said, they liked challenges better, the rest were not sure if
they liked one better than the other. The higher number of collaborative games may
also indicate a preference towards team games in children. However, since most of
these collaborative games (39 of 48) were played by children in G2, there could be a
bias introduced by the grouping of children. Table 6.12 lists some of the responses of
parents and children about Collaborative games.
Another reason that may lead to children leaning to collaborative games might be,
that they win or lose together as a team. As in collaborative games, all the players
work together to achieve a common goal, it seemed easier to win. In fact 68% (32
of 48) of team games were won. One child (C15) thought that they always win in
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Table 6.11: Children’s and parents’ responses related to social motivation
of the applications
C3 Because during the Fitbit thing it was just like showing what I
am without it. And with the games I could challenge, it would
challenge me to run more in and walk more and all those things.
C14 I just liked that we can work on it as a team. I like working as a team
because then its more likely that you will actually do something and
it gives a little more encouragement as it has a higher step goal for
the team
P1 The games provided motivation for her for steps and then also
motivation to interact with other people on physical activity and it
also had a um. It was an opportunity to interact with her peers on
um on her physical activity.
P5 I think when he got into it he liked it. It was more having to
motivate him and I do think the holidays and catching up was a
big factor on his normal schedule. I think you opened up my eyes.
I think he needs definitely more activity and we push it get away
from the laptop and the games.
P6 Yes. I think that it was really good. it really motivated him and
he goes to occupational therapy as well and his therapist used the
Fitbit and the game as well to play with him while they were at
therapy and she’s like wow he’s really motivated by that. I think
I’d like to play it and with his entire family.
P9 More active. As I had one she was motivated to challenge me. She
was always asking me how many steps do I have and trying to see
how she was beating me/not and if she was not beating me she
wanted to go do more steps.
P10 I liked that she was more active the second time and she was curious
about the kids she was playing with. So I think it motivates or
encourages more friendships too. She understood had the phone
and the Fitbit work. Together. So that was learning
P11 I liked that one then the other one. she could just pick one person
to challenge and so she figured out to pick the ones that she can
tell were being active in it. And so that helped her kind of. She
was motivated to pick Anni and Chloe.
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Table 6.12: Children’s and parents’ responses related to collaborative game
play
C1 Team games, because you get more steps and like it adds up like
somebody has a ten thousand steps and somebody has ten thousand
steps you get twenty thousand steps like that is something big. So
I would like that.
C3 Team. because it included other people and it wasn’t turning
against other people and being like I don’t like you. because it
had a shorter time like I mentioned before
C14 I just liked that we can work on it as a team. I like working as a team
because then its more likely that you will actually do something and
it gives a little more encouragement as it has a higher step goal for
the team
C16 I liked that usually you work as team and they gave you more time.
C15 team games because you always win.
C12 Team because it seems like that you win more when you are on
a team but its not as fun. Its just kind of more interesting Liked
the short timing and jewels. its exciting because you have short
amount of time to get a lot of steps.
C13 I liked how you were working as a team instead of racing against
people because you didn’t have to do it all by yourself.
a team game. Another child believed it was hard to play a challenge as others got
many more steps than they did so they preferred team games. As shown in Table
6.12, children were also motivated by winning and picked the game they thought was
easier to win. Some others believed that challenge games were like turning against
other people and not liking them (see Table 6.12). Children who liked competitive
games said that they were more active because they wanted to beat everyone and win
the game (see Table 6.13).
While the number of collaborative games played was higher and were preferred
by more children, some children liked challenges more. Challenges were preferred
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when the children knew each other as in G2 (see Table 6.13). Challenging siblings or
friends was not seen as turning against them or not liking them, rather it was seen as
a healthy competition. In fact, 15 competitive games were played by G2 compared
to only 5 (two of the five games had no in-game activity) by G1 (see Tables 6.4 and
6.5).
Children also somehow assumed a correlation between competitive and short syn-
chronous games though none was mentioned. They believed that if you are competing
against someone, you shouldn’t have to do it for long and hence shorter games seemed
more competitive. One of the children suggested that CTC (synchronous play in their
group) should only support competitive game while the GTG (asynchronous play)
seemed more collaborative as you have a longer amount of time to reach the goal (see
Table 6.13).
Table 6.13: Children’s and parents’ responses related to competitive game
play
C16 I like them. they are fun and its fun to be just competitive and not
have to be in the presence of another person.
C13 I like how it was a shorter time so if you were doing it in like a
competition then you didn’t have to do it for as long.
C4 I liked how it was shorter so it was more competitive
C15 I was more active with the phone because I’m super competitive
and its against my friends which makes me more competitive and
my siblings
C14 Capture the Crown because it was more competitive than Grow the
Garden because it had less time
P11 As I had one she was motivated to challenge me. She was always
asking me how many steps do I have and trying to see how she was
beating me/not and if she was not beating me she wanted to go do
more steps.
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The applications required more than one child to play the games. To create a
game, a user invites one or more children to play along. In the current implementation
the game cannot start, until all the players in the game have responded to the
invitations. This was a major challenge faced by the children while interacting with
the applications. As the applications did not support notifying the user on receiving
an invite, and because they didn’t always have their phone with them, children did
not know of invited games until they checked the app. They also had to wait on the
response from all the players to get started with the game. This issue was frequently
reported by both parents and children (see Table 6.14)
As the children in G1 were not acquainted, they were not aware of each others
schedule and hence starting the games was a bigger challenge for them. Six Children
in G2, however, were well aware of each others schedule and could communicate
(as they were co-located), making it easier to start the games for them. This is
also evident by the number of games played by each group and the number of days
interacted with the applications. Fewer games on GTG were also indicated as a result
of children not responding to that game (see Table 6.14).
To overcome this problem of waiting for invitations to be accepted, children
suggested that it would be good if they could know who is available to play and invite
them for a game (see Table 6.15). Other suggestions included better notifications for
game invitations and game starting (see Table 6.15).
6.2.3 Temporal Flexibility and its Impact
The flexibility to choose from short or long games was appreciated (see Table 6.16).
Children would decide to go out and run based on the time left on the game.
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Table 6.14: Children’s and parents’ responses related to fewer GTG games
C5 No one really accepts my games on that (GTG).I kind of liked
crowns better. I like longer games.
C9 because for some reason there were more games that won’t start on
that one (GTG)
C8 it took a while for people to respond
C7 sometimes people would not respond and it would take a long time
to start. there were certain people who did not respond that many
times and certain people respond more often.
C6 I didn’t kind of like that not that many other people would play it,
nobody would accept the request
C11 didn’t like Grow the Garden because it just wasn’t played as much,
it wasn’t popular
P6 I didn’t like that people didn’t respond. And it should be like I don’t
know it seems like they could respond but then nobody started the
game. I don’t really understand. It just seem like I don’t know how
you could make it more mandatory that they have to if they’re if
they’re agreeing to be in the group then they should agree really
to play.And it’s a little bit because there’s no communication If
somebody accepts then.
P10 You know what maybe it was just our grouping, very few people
were actually initiating games on Grow the Garden. Almost all of
the game seem like they were on crown game.
P5 He just kept saying Nobody’s responding
P11 it was kind of awkward because there’s only seven people and you
didn’t know when it was starting. just that people need to know.
you don’t know when it’s happening. You don’t really know when
you’re actually playing the game. Because you accept at different
times
Table 6.7 indicates that short synchronous games were played more compared to
longer asynchronous games. Children’s response to their choice of preferred games
between the two games also concurs with the table. Three of five children in G1
preferred GTG (synchronous play for G1), while seven of eight children in G2 liked
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Table 6.15: Children’s and parents’ suggestions related to streamlining
game invitations
C5 It should give you a notification on the watch when a game starts.
C6 Maybe like, saying this person isn’t logged on, please login again.
because it didn’t tell you and I got confused.
P9 Maybe making it possible where you can disinvite people even if
you didn’t create it just so that you can get the game on
P10 I think it would be a fun idea. But it need to be instantaneous as far
as like people join and its within a couple minutes of people joining
and all the data needs to be synced seamlessly into the game.
P11 Well people just need to know when it’s starting. So if it was on the
situation where it was live and it was the whole world was playing
you’d be instantly like. People would sign up within a minute or
two of each other and you’d all play at the same time and it would
be really easy and succinct.
Table 6.16: Children’s and parents’ responses related to temporal Flexi-
bility in the applications
C3 More active. Because like I’d see how much time I had and my plan
to go take a run around the block or something.
P4 I like that he had the opportunity to either challenge or to be part
of a team. And I like that it motivated him because there was a
timer though and he enjoyed that too. Say you have 30 minutes
and he’d start running around.
CTC better (synchronous play for G2). Since synchronous games were short (25-
45 minutes), they seemed more achievable to some children. On the contrary as
asynchronous games were longer (2.5-6 hours), children believed they are a lot to
do. Two of the children perceived that they had to be active the entire time in the
game and hence did not prefer asynchronous games. Again, since the children in
G2 resumed normal school activities at the time of study, asynchronous games were
found to be harder for them to play given the longer game times and their school
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schedules.
Children related short synchronous games to competitive games, and longer asyn-
chronous games to collaborative games. One possible reason for this could be the
higher step goal in the longer, collaborative games which was to be achieved by chil-
dren as a team and not as an individual goal. Though, the step goal for synchronous
collaborative games is higher than competitive games, it is not as high as asynchronous
collaborative games. In fact, children who preferred competitive games, indicated a
preference towards synchronous games too saying that they feel more competitive
and intense when the time in the game is short. Children also related that shorter
time in the game times motivated them to be active (see Table 6.17). One child
(C3) indicated that more time in the game made her procrastinate her activity, while
shorter time encouraged her to do it, then and there.
Though I did not specify explicitly, children’s assumption of being active for
the whole time, dominated their preference of temporal flexibility. The bias in
groupings may have further contributed to the understanding of asynchronous games
and playing them. As children in G2 indicated a preference towards the theme of
CTC which was a synchronous type of play for G2, that might be one of the factors
contributing to higher number of synchronous games being played.
Though the interview questions did not directly ask about synchronous or asyn-
chronous games, children mentioned choosing the games according to various prefer-
ences. For example, they mentioned choosing the in-game activity based on the time
in the game (see Table 6.18). Some children said they liked longer games, as you have
more time to accomplish your goal especially when in teams. One child (C3) liked
that it let them take little breaks in between each run, which was the motive behind
temporal flexibility. Another (C12) child believed more time enabled them to get a
90
Table 6.17: Children’s and parents’ responses related to short synchronous
games
C3 Like it had a shorter time than Capture the Crown and made me
want to run more instead of like knowing I had this much time I go
I can do this first instead of running now.
C12 CTC because it was more competitive than Grow the Garden
because it had less time
C13 I like how it was a shorter time so if you were doing it in like a
competition then you didn’t have to do it for as long.
C14 I liked how it was shorter so it was more competitive
C15 CTC challenge, Its easier as its a lot shorter and its a lot more
intense
P12 I liked that it was shorter. So that was a lot easier because you
didn’t know when it was going to start and it’s like you know Oh
shoot it’s a two it’s not like a two hour game that starts at 9:00
at night. So forty five minutes was a little bit more like you know
doable and I like the visuals of the crown jewels.
higher number of steps (trying to reach the 10,000 steps daily target). One other (C4)
believed that you can only get a lot of steps in a short amount of time only if you are
very athletic or active (this same child, did not prefer competitive games indicating
that others were able to get many more steps than him).
Both children and parents suggested that it would be good if they had the
flexibility to choose the duration of the game. This would facilitate children to not
choose one of the themes based on the timings or vice-versa. One child (C9) said:
probably it could let you select a time say 3 or 4 hrs. it shouldn’t give
you less time.
Allowing users to select the game duration may enhance the flexibility provided by
the temporal aspect but may deter engagement with the applications if the duration
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Table 6.18: Children’s and parents’ responses related to long asynchronous
games
C3 I liked that. It let me have little breaks in between each run, things
like that.
C7 I like longer games.
C12 It gave you more time to get more steps.
C13 GTG because it wasn’t as competitive as it had more time.
C14 I liked that you had more time than Capture the Crown to get more
points.
C16 I liked that usually you work as team and they gave you more time.
P4 I think that the only thing that could be improved probably is
maybe longer times so rather than the 30 minutes give them a
couple of hours I know a couple of the games did and then some
didn’t.
P11 That was the one where they had to do the two hour. That one I
felt Was a little more frustrating because they had a lot of kids on
there and they had kids that never responded.
selected by one of the players is not suitable for other players in the game. Besides,
since the target activity to win the game is decided on the duration of the game and
the number of players, selecting a very long time may result in an even higher step
goal which might cause amotivation in children.
6.3 Discussion
The idea of leveraging technology to promote physical activity was very well received
and appreciated. As one of the parents (P8) said “I like the idea of it being fitness
based and incorporates technology because that’s just what kids are doing these days.
And I like the challenge. The challenges and then the ability to play with other kids
and have two choices. They can choose how many. And so they just really feel in
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control of it and it’s theirs”. The fondness for the applications was also evident by
the fact that all of the children and the parents in the study said they would like
to play more such games in the future. Some of the children (who had access to
mobile phones with internet) tried searching these games on the internet so that they
could continue playing them even when the study was over. Some others were sad
about giving them up at the end of the study. One Parent (P15) said that though
their child was excited about Fitbit initially, but with the games, they forgot about
it and instead, were busy playing the games. Having the flexibility to choose who
the children wanted to play with rather than just the children in their group was
one suggestion that was persistent for all the players. The applications (as reported)
seemed to promote friendships in children apart from from encouraging them to be
physically active. The theme of CTC was liked more as it seemed more gender neutral
while GTG was believed to be designed keeping girls in mind. Children said that they
found the crown more dazzling like they are actually collecting a treasure. They were
motivated by the games and gained confidence in their activity. The themes, content
and the complexity of the applications was reported to be “cute and age-appropriate”
(P14) while one child (C7) thought they were childish. The applications also helped
parents get an understanding of their child’s activity levels. One parent also thought
that interacting with the applications was learning for the child of how the phone and
the Fitbit interacted. Two children however said that they were more active without
the application as they were distracted looking at the flowers, or jewels and the time
left on the phone/in the app.
A rather disappointing result from the study was that none of the children were
able to meet the activity guideline of 60 minutes per day (as calculated from Fitbit
activity data). Although twelve parents believed that their children were able to get
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to 60-minutes of activity each day. One of the parents said “Well I still believe she’s
active for 60-minutes although that’s not the same definition that Fitbit has”. From
the Fitbit activity data, even though the children had close to or more than 10,000
steps on some days, their activity minutes still showed zero (see highlights in Table
6.6). This mismatch between steps and active minutes was surprising to find and
raises the question of whether the 60-minute activity guideline for children should be
calculated using activity minutes in fitness trackers or not.
As children accumulated close to 500 steps, flowers or gems start showing up on
their screen. This visual feedback was found motivating and encouraged children
to win the games. Winning the games was also a driving factor for choosing one.
Parents reported that children preferred the games they thought they would win.
Few children thought it was easier to win team games and hence preferred them.
Some parents suggested that the step goals may be high for the younger
ones and reducing it a little might help them win and hence play more.
Winning and losing the games were both liked by one child (C12), as he said you get
to keep the crown even if you lose (see Fig 5.14).
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CHAPTER 7
FUTURE WORK & CONCLUSION
This closing chapter first contains future improvements for this work and closes with
conclusions drawn from this work.
7.1 Future Work
Though KidFit Suite was well received by the participants in the study, there were a
few limitations that will need to be addressed as part of the future work. This section
discusses those limitations and the future work.
7.1.1 Simplify Activity Measures
As observed from the children’s fitness tracker usage survey (see Chapter 3), children
tend to follow adults and used steps to set their goals. Similar observations were
seen in this study where 15 of 16 children reported their daily goal to be 10,000 steps
or more. The recommended activity guideline for children suggests 60-minutes of
activity each day. However, since Fitbit does not report and update active minutes
until there is a contiguous block of activity greater than or equal to 10 minutes, I used
steps as a measure of activity. This enabled us to provide children with immediate
feedback. Also, the mobile applications in KidFit Suite utilized fitness data provided
by the Fitbit server. As mentioned in Section 5.2.2, fetching fitness data from Fitbit,
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burdens the user with the overhead of having to synchronize data with the Fitbit
app in order to get accurate data on their KidFit apps. This issue was also raised
by some of the users who said that remembering to synchronize the data with Fitbit
app was cumbersome. It also affected the user experience, such that, even if a child
had synchronized their data, the game would not end until all the players in the
game had synchronized their data. One parent suggested that the data synchronizing
should be seamless (see Table 6.15). To address these concerns and simplify the
activity measures, the future implementations of KidFit Suite should work towards
incorporating fitness data from built-in activity trackers in mobile phones. This will
not only avoid the dependence on Fitbit data, but will also reduce the need to wear
an additional device.
7.1.2 Add a Medium of Communication
When a child creates a new game, they invite other children they want to play with,
and wait for them to respond. This waiting for invitation responses was a major
issue faced by the children. As the applications did not notify the children of a game
invitations or on a status change for a game, they encountered issues starting a game,
waiting for the response from other users (see Table 6.14). Parents also indicated
that the applications lacked a medium of communication with other children which
could facilitate letting them know of the game invitations. Future versions of KidFit
Suite could incorporate a chat server which would facilitate two purposes: first, it will
enable richer communications and hence enhance their social experience and, second
help streamline the game invitation process.
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7.1.3 Address Logging Out of the Application
Several parents from the user study reported the issue of children occasionally unin-
tentionally logging out of the applications on pressing the back button. In order to
log back in, they had to use an email address and a password which may be hard for
younger children to remember. This problem was identified, and resolved such that
the applications no longer logged a user out until they selected the log-out button on
the games view.
7.2 Conclusions
I have introduced KidFit Suite, a collection of mobile applications. The final study
presented in this thesis used to investigate social and temporal aspects was conducted
with 16 children over two one-week sessions. Children wore a Fitbit Charge 2 activity
tracker in both weeks and played the games in KidFit Suite in the second week.
The fitness data from the first week of the study was used a baseline to compare
data from the second week of study where children interacted with KidFit Suite.
Data from Fitbit activity trackers and interviews were used to analyze children’s and
parents’ response to this applications and the motivations or encouragement brought
about by KidFit Suite. The children were further divided in two groups of 8 children
each referred as G1 (group 1) and G2 (group 2).
7.2.1 Steps Increased in G2, Activity Minutes Did Not
The idea of leveraging technology and games to promote physical activity was well
received and appreciated. As six children in G2 were familiar with each other, there
was a bias in the two groups. There was more interaction with the apps in G2
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compared to G1. The average steps per days was even found higher in G2 (10,614
steps) compared to G1 (7,729 steps). Though we cannot say affirmatively, the higher
interaction with the apps may have been one of the contributing factor to the higher
activity in G2.
Sadly, children in neither of the groups were active 60-minutes a day as reported
by the FitBit data. However, on a few days even if they had 10,000 steps or more,
their active minutes were close to zero, indicating that the active minutes as reported
by FitBit might not be accurate to use for analyzing children’s activity.
7.2.2 Visual Preference for CTC
Children preferred the theme of crowns as is evident by the number of games played
(47 CTC games and 21 GTG games). The theme of CTC was described as if collecting
a treasure of gems and was reported to be gender-neutral.
7.2.3 Motivation to Win Led to More Collaborative Games
Winning the game was also seen as a motivation to choose which game to play. This
was also reported by some child participants. In terms of games, 77% (30 of 39)
collaborative games were won by G2 while only 22% (2 of 9) collaborative games
were won by G1 hence higher number of collaborative and overall games in G2.
7.2.4 Impact of Social Interaction: Collaborative Preferred
Both children and parents liked the idea of bringing social interaction with physical
activity. As indicated from the number of games played, and the responses to the
interview, both collaborative and competitive games were liked by children (see Table
6.12 and Table 6.13). Children showed a preference towards collaborative games
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over competitive games such that 70% (48 of 68) games played were collaborative
games. They were aware of the higher step goals in collaborative games and were still
motivated to achieve it. However, a higher number (48) of collaborative games may
also be linked to the theme of crowns, the motivation to win easier in collaboration,
and the bias between the two groups.
7.2.5 Impact of Temporal Flexibility: Synchronous Preferred
The data from the survey, the mobile applications and interviews showed that the
Temporal flexibility in the applications to choose the duration of the game was also
beneficial. Based on their personal preferences, some children liked synchronous
games while others liked asynchronous type of play. However, from the number of
games played and responses of the interview the children seemed to have a preference
towards shorter synchronous games as 66% (45 of 68) games played were synchronous.
Because of the shorter duration of synchronous games, they seemed easier to play and
more competitive.
7.2.6 Social and Temporal Correlations
Children linked short synchronous games to competitive games and longer asyn-
chronous games to collaborative games. They suggested that one of the games (GTG
or CTC) should only be short and competitive, while the other one should be long
and collaborative.
7.2.7 Overall Response
The games were liked such that all 16 of the children and their parents reported that
they would like to play such games in the future. One child also tried to find these
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applications on play store to continue playing them after the study was over. Parents
saw these games as something the entire family could do together, even during the
winters.
7.3 Revisiting Thesis Statement
The social interaction of collaborative and competitive experiences enabled children
to connect with their peers while being active and was reported to be motivating.
Collaborative games were preferred over competitive games as children perceived it
was easier to win them and they were viewed as more prosocial. Competitive games
were liked when children were familiar with each other and were not seen as turning
against them.
The temporal flexibility of synchronous and asynchronous experiences enabled
children to choose the duration of the game and children reported that they would
plan their activity according to the time left. Short synchronous games motivated
children to be active and were reported to be more competitive. Longer asynchronous
games were preferred by children who thought it was hard to get a lot of steps in a
short amount of time.
The findings of this research contribute to better understanding the elements that
make physical activity fun and playful for children.
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APPENDIX A
KIDFIT API’S
KidFit API’s facilitate the communication of data from the mobile applications to
the database and the Fitbit server. This appendix details the list of the KidFit API’s,
the expected inputs and outputs and their basic functions.
• direct login.php
This API uses the stored credentials in the app to present user with their fitness
data and their games.
– Inputs - email address, access token
– Outputs - login status and fitness data of user
• verify login.php
This API verifies the user credential when the user tries to login or encrypts
and stores user credentials in the database when they register. Upon successful
login or registration, login status and access token is returned.
– Inputs - email address, password, age , gender and alias
– Outputs - login status, access token
• getInvitedGames.php
For a given user, this API fetches all such games with a given game type (GTG
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or CTC) from the database where the user is invited or ready to play and the
game status is invited.
– Inputs - email address, access token, gameID
– Outputs - number of invites games, gameInstanceID, groupName, string
of player names, and self status for each game
• getActiveGames.php
For a given user, this API fetches all such games with a given game type (GTG
or CTC) from the database where the user is ready to play or in progress and
the game status is ready to play or in progress.
– Inputs - email address, access token, gameID
– Outputs - number of games with status ready to play or in progress,
gameInstanceID, groupName, string of player names and status of each
game.
• getFinishedGames.php
For a given user, this API fetches all such games with a given game type (GTG
or CTC) from the database where the game status is game over.
– Inputs - email address, access token, gameID
– Outputs - number of games with status game over, gameInstanceID,
groupName, string of player names and player status in each game
• getCurrentActivity.php
This API simply returns the number of steps and active minutes for a given
user.
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– Inputs - email address, access token
– Outputs - steps, active minutes
• acceptGameInvite.php
This API lets a user accept a game invite that they have been invited to and
returns success or error in response.
– Inputs - email address, access token, gameInstanceID
– Outputs - status
• declineGameInvite.php
This API lets a user accept a game invite that they have been invited to and
returns success or error in response.
– Inputs - email address, access token, gameInstanceID
– Outputs - status
• get gameID.php
This API takes the name of the game and activity metric and returns its ID
which is then used to fetch all game details.
– Inputs - gameName, metric
– Outputs - gameID
• resetPassword.php
This API helps a user reset their password. The API takes email and gameName
as input and returns an access code which is used to check against the code
entered by user.
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– Inputs - email address, gameName
– Outputs - code
• updatePassword.php
This API facilitates updating user password and returns status as success or
fail.
– Inputs - email address, new password
– Outputs - status
• getPlayersFromGroupID.php
This API returns the name of all players in a group or game.
– Inputs - email address, access token, groupID
– Outputs - number of players, name and userID of each player
• addPlayerToGameInstance.php
This API facilitates lets a user to add their friend to a game.
– Inputs - email address, access token, gameInstanceID, friendEmail
– Outputs - status
• removePlayerFromGameInstance.php
This API facilitates lets a user to remove their friend from a game.
– Inputs - email address, access token, gameInstanceID, friendID
– Outputs - status
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• createGameInstance.php
This API lets a user create a new game by inviting their friends. Only one
friend can be invited while creating a game, more friends are added by using
addPlayerToGameInstance.php. The new gameInstanceID is returned
– Inputs - email address, access token, gameID, friendEmail
– Outputs - status, gameInstanceID
• editGroupName.php
This API lets users in a group to edit the name of the group.
– Inputs - email address, access token, gameInstanceID, newGroupName
– Outputs - status
• getGameDetails.php
This API is used get the status of the game and all the players in the game.
– Inputs - email address, access token, gameInstanceID
– Outputs - groupName, number of players, gameOwner, username, userID
and status of each player in the game.
• getActiveGameDetail.php
This API returns the details to an ongoing game.
– Inputs - email address, access token, gameInstanceID, gameID
– Outputs - timeRemaining, activeUserID, activeUserName, activity to achieve
in a group game, cumulative active at the start of the game and now,
endValue to be achieved, gameStatus and activity achieved by each player.
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• startGame.php
This API lets users in the game to start it such that the game status should be
ready to play.
– Inputs - email address, access token, gameInstanceID, gameID
– Outputs - status, timeRemaining, activeUser, activeUserName, activity
to win the game, currentActivity, endValue to be achieved
• gameOver.php
This API ends the game, when the allotted time is over or the group has won
the game in collaborative type of play.
– Inputs - email address, access token, gameInstanceID
– Outputs - status, gameInstanceID, number of players, and user status.
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APPENDIX B
MECHANICAL TURK SURVEY QUESTIONNAIRE
This appendix lists the questions asked in children’s fitness tracker survey conducted
via Amazon’s Mechanical Turk. The Survey was designed using Qualtrics and was
link with MTurk. The survey starts with a consent to participate in the survey . If
the parents consent, they first answer the generic questions (see Section B.1),followed
by their children’s fitness tracker usage questions (see Section B.2) for each of their
child.
B.1 Generic Questions Related to Parents
• Parent’s Age:
• Parent’s Gender:
• Do you currently use a Fitness Tracker?
• How many children do you have between 6-11 yrs of age?
• Ages of children between 6-11 yrs of age (only provided options between 6 to
11 to choose from)
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B.2 Questions Related to Children’s Fitness tracker usage
• Child’s gender:
• Child’s weight in pounds:
• Child’s height in feet and inches:
• In the last 7 days, How many days did your child participate in any physical
activity?
• In the last 7 days, What did your child do as part of their physical activity or
outdoor active play (e.g. biking/walking to school, active outdoor play, sports,
active video games)? How many days did they perform the activity?How much
time (on average) did they spend per active day?
• Does your child use technology when he/she is active (e.g. a smartphone app,
an active game like with Kinect or Wii)?
• What technology do they use?
• Has your child ever used a fitness tracker/pedometer? (The options were
currently uses, Used in the past and Never used)
• If your child used fitness tracker in the past, How many months did they use
it?
• If your child used a fitness tracker in the past but no longer use it, Why did
they stop?
• If your child uses a fitness tracker currently, what is it (Choose all that apply)?
(some popular options were given)
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• How do they use it?
• Who looks at the daily activity of the child (Choose all that apply)? (The
options included Parents, child or others)
• What does you child use the data for (Choose all that apply)? (The option were
Tracking goals, discussions, personal challenges, rewards, competition, don’t use
data and others)
• What do you (as a parent) or others use the data for (Choose all that apply)?
(Same options as prev question)
• Who charges the device if it needs charging (Choose all that apply)?(The options
were child, parent, the device doesn’t need charging and others)
• If your child currently uses a tracker, how many months have they been using
it?
• Why did you consider buying a fitness tracker?
• Choose the answer that best describes your perception as a parent: ”My child
is more active because of using a fitness tracker.” (The options were strongly
disagree, somewhat disagree, neither agree nor disagree, somewhat agree and
strongly agree)
• Choose the answer that best describes your perception as a parent: ”My child
was more active because of using a fitness tracker.” (Same options as previous
question)
• Would you consider using a fitness tracker to help your child monitor their
activity?
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• Please explain why you would/would not using a fitness tracker to help your
child monitor their activity.
• How would you categorize the lifestyle of your child in terms of physical activity?
(The options were sedentary, moderately active and highly active)
• How much screen time does your child get per day? Screen time is the time
spent looking at computer screens, mobile phones, tablets or video games or
other such displays.(The options were less than 30 minutes, 30-60 minutes,
60-90 minutes, 90-120 minutes and more than 120 minutes.)
• How might technology be used to encourage your children to be more active?
